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(57) ABSTRACT 

Provided are an image processing device, image processing 
method, and computer program which can accurately detect 
noise in an input image and eliminate or reduce the noise. A 
display device extracts a specific area including a target pixel 
from an input image and determines whether the boundary of 
noise is included in the specific area. If so determined, the 
display device performs filtering using a smoothing filter to 
Smooth the target pixel. If not so determined, the display 
device performs filtering using an edge-preserving Smooth 
ing filter to Smooth the target pixel. At this time, the display 
device determines whether to apply the result of the smooth 
ing process using the edge-preserving Smoothing filter, on the 
basis of the pixel values in the specific area, the result of the 
Smoothing process using the edge-preserving Smoothing fil 
ter, and the like. 

14 Claims, 25 Drawing Sheets 

----------------------------------------- air. 
SAY EE 

  

  



US 9.241,091 B2 
Page 2 

(51) Int. Cl. (56) References Cited 
H04N 5/2 (2006.01) 
H04N 5/14 (2006.01) FOREIGN PATENT DOCUMENTS 
G06T5/00 (2006.01) 
HO)4N 19/11 7 (2014.01) JP 2005117449. A 4, 2005 
H04N 9/36 (2014.01) JP 2008153812 A 7, 2008 

JP 4145665 B2 9, 2008 
EN 18. E. JP 2009076.973 A 4, 2009 

(2014.01) JP 2009105990. A 5/2009 
(52) U.S. Cl. 

CPC ........... H04N 19/117 (2014.11); H04N 19/136 OTHER PUBLICATIONS 
(2014.11); H04N 19/182 (2014.11); H04N 

19/86 (2014.11); G06T 2207/20012 (2013.01): Japanese Office Action dated Oct. 8, 2013 from corresponding Patent 
G06T 2207/20192 (2013.01) Application No. 2012-277302; 9 pgs. 





US 9.241,091 B2 Sheet 2 of 25 Jan. 19, 2016 U.S. Patent 

iPJ MA: 

FG 2 

&: - 

_?INUTNOTIVNI?ITT? 
NOU VN?NHÃ¡¡¡¡ ¿ 

SEEE EN N 

y 

SECC ARE 
EXRACON 

NPT MAGE 

  

  

  

  

  

  

    

  

  

  

  



U.S. Patent Jan. 19, 2016 Sheet 3 of 25 US 9.241,091 B2 

S. 
SEECE ARGET PXE. 

EXRACT SECFC 
AREA 

EERMNE WEER 
QSM i. 

--e. s S. 
- Nasr ERFORM SMCOT-ENGs. 

^. - 
Yes 
J.S5 

SyCiti NSF R. 

S. 
FETER USENG EDGE 
PRESERVING 
SMOONG. FER 

SE 
{{F PROCESS 
RES 

ER 

- k -se 
APLY 

{{TP}T PROCESS 
RES; LT 

S. 
O; WAE OF 
TARGE EXE 

    

  

  

  

  

    

  

  

  

  

    

  

  



U.S. Patent Jan. 19, 2016 Sheet 4 of 25 US 9.241,091 B2 

FIG. 4 

START 

21 
MAKE HORIZONTAL 
DETERMINATION 

MAKE verticAL 
DETERMINATION - 

S23 
TARGET PXEL 

S TO BE 
MOOTHED2 

1ERESNS25 
HORIZONTAL, OR 
VERTICAL NOISE 
BOUNDARY 

NO 

S26 
- THERE IS - 

S29 YES-NOISEBOUNDARY IN 
ANY OTHER 
DIRECTION 

NO 

- NS27 
YES- SPECIFICAREAT- : 
&Exxyyxx. HAS PREDETERMINED 

SIZE --- 

No 

| EXPAND SPECIFICAREA 

END 

  

  

  

    

  



US 9.241,091 B2 Sheet 5 Of 25 Jan. 19, 2016 U.S. Patent 

F.G. 5 

HO TVINOZIPHOH ) “NOI, LVZINHVN18 

NO HO SAINTIVA I 

[-] ONIGINOJSHAHOO. 

2:0 || YHO TVILNOZIPHOH ‘NOLI VZIHVN18 10 i 

0 0 1 

  

  

  



U.S. Patent Jan. 19, 2016 Sheet 6 of 25 US 9.241,091 B2 

<OAONA. EEERMINATION ROCESS 

F.G. 6 

S3 

COXRAS WA is or S33 
FRS-ORBER FERENTALS : 
W. RES FOR 

sas RZONTAL CR BERAN : 

Sk CALCULATE SECOND-ORDER 
DIFFERENTIA.S HORIZONTALLY 

Frrs'- 
COMSXSEASOLUTEVALUES of S35 
SECOND-ORDER DIFFERENTALS 

: WTH THRESHOE FOR 
BNARATN 

OR OPERAEON ON s37 
W. CR OPERAER RESES : 

    

  

    

  



U.S. Patent Jan. 19, 2016 Sheet 7 Of 25 US 9.241,091 B2 

FG. 

C. * : * x. & 

... SPECIFIC AREA 

FiRST-RER 
FERENAS 

a 3XARZAN. 
VERTICAE. OR 112 
E> || || 

SECON).{}RER toRRESPONDING T FERENTAS s ONDING 
3 " --- 

A { (/ -- 

| | | | " or 
- 116 

  



U.S. Patent Jan. 19, 2016 Sheet 8 of 25 US 9.241,091 B2 

FG. 8 

A (RZON A PATERN 3. VERCA A"EKN 

, ER PAERNS 

  



US 9.241,091 B2 Sheet 9 Of 25 Jan. 19, 2016 U.S. Patent 

• 

  

  



U.S. Patent Jan. 19, 2016 Sheet 10 of 25 US 9.241,091 B2 

F.G. 

A. SMOOTHING FILTER(1) CORRESPONDING 
'O VikiCA RAERN 

B. SMOOTHING FILTER (2 CORRESPONDING 
O WRAL ARN 

C. SMOCNG FR CORRESPONDNG 
{} {}RZN A. AERN 

  

  



U.S. Patent Jan. 19, 2016 Sheet 11 of 25 US 9.241,091 B2 

C. 

p. SMoori NG FILTER CORRESPONDING 
AXO ERFA: ExN 

SMOONG FILTER WHEN SPECIFIC ARA 
S EXAN}} 

  

  



U.S. Patent Jan. 19, 2016 Sheet 12 of 25 US 9.241,091 B2 

F.G. 2 
  



U.S. Patent Jan. 19, 2016 Sheet 13 of 25 US 9.241,091 B2 

FIG 3 

ii. DACONA (57.5°) 

  



U.S. Patent Jan. 19, 2016 Sheet 14 of 25 US 9.241,091 B2 

FG. & 

  



U.S. Patent Jan. 19, 2016 Sheet 15 of 25 US 9.241,091 B2 

F.G. 5 

D, FOR DIAGONAL (35°) DETERMINATION 

  



U.S. Patent Jan. 19, 2016 Sheet 16 of 25 US 9.241,091 B2 

FG. 6 

EDGE STRENGTH 
(ABSOLUTE VALUE) 

- 
8 

A. N O --> ANGLET 

  

  



U.S. Patent Jan. 19, 2016 Sheet 17 Of 25 US 9.241,091 B2 

FG. 7 

  



U.S. Patent Jan. 19, 2016 Sheet 18 of 25 US 9.241,091 B2 

FG. 8 

i   



U.S. Patent Jan. 19, 2016 Sheet 19 Of 25 US 9.241,091 B2 

FC 9 
* co 

SAR 

{A.iii: 
SRES 

OALC EATE {{FFERENCES 
3E WEEN ARGES AND 

REASISCRO, 
S&ONG FISE 

A priservisis 87 
SMO: THING F.E.: E}. 
{{RES: Nixi : 
RECN 

is is 8 

  

  

    

  

  

  

  

  

  

  



U.S. Patent Jan. 19, 2016 Sheet 20 of 25 US 9.241,091 B2 

{}{} ... ' 

E3 

E 

1oo 

  

  



U.S. Patent Jan. 19, 2016 Sheet 21 of 25 US 9.241,091 B2 

FG, 2. 
A, HORIZONTAL VIBRATION FREQUENCY 

o: SPECFC AREA 

SM X 3 

WBRAON 
FREQUENCY A 

B. VERTICAL VEBRATION FREQUENCY 
Ci 

ASSGN PONTS 

SM X 3 

... i-VIBRATION 
* - FREQUENCY R 

  



U.S. Patent Jan. 19, 2016 Sheet 22 of 25 US 9.241,091 B2 

FG. 22 
C. 45° E}{AGONAL WEBRATION FREQUENCY 

soo 

ASS&N PONS 

S v X 5 

- ... NVBRATION 
r/FRE QUENCY C 

D, 135° DIAGONAL WBRATION FREQUENCY 
*: O SPECIFC AREA 

: 

s 

ASSGN ON S 

x 

Sy: X5 

^ VBRACN 
* FREQUENCY } 

  

  

  

  



U.S. Patent Jan. 19, 2016 Sheet 23 of 25 US 9.241,091 B2 

SAR 
FG. 23 

ra-a-sers. 

EXRA; S:3AREAS Fi{38w 
SECC AREA 

M. - 

.N.C.- PROCESSED ALL ^ 
^ SBAR EAS - - -Y 

AiiAff 
(i.i.lt. YAF3. 

- - - - - - warm---r 

THREs old M 

w 

. . . . . aaaassesserrar - Y. S. 

...r.o.o.or : 
ASS}{N BOK S 

XiX 

3 g 
8 
S. 

8 
8 

NoRMAZE 

--a & : 
- -1, groRNiš x 
3.< SWEES)- N. a. Ai. -- ---- S. 

  

  

  

  

  

    

  

    

  

  



U.S. Patent Jan. 19, 2016 Sheet 24 of 25 US 9.241,091 B2 

FG. 24 

SEC, VANS 8 C. 
REQUEN -------rrrrra 

-1ows, x X ax -vibRATION FigueNC-N9 - 

is 82 

AMOUNT OF VARIAiroN-N9. -X 
^ < THRESHOE is - 

' 8. 

^- 8 
y Es 

-- to is a 5 APPLY REs of S 84 JEE OF 

ESS - SES.-- 

  

  

  

  

  

  

  



US 9.241,091 B2 Sheet 25 Of 25 Jan. 19, 2016 U.S. Patent 

G. 25 - 
a. 

? ? ? ** ** 

*...*.* ** ** ** ** ** ** * * * * * =:= ** ** ** ** ** 

?• • • • ** ** ****** !!!--#---- 

«~~~~*~ 
x - - - - www.a as '-ww.w... 

  

  

  

  

  

  



US 9,241,091 B2 
1. 

IMAGE PROCESSING DEVICE, IMAGE 
PROCESSING METHOD, AND COMPUTER 

PROGRAM 

TECHNICAL FIELD 

The present invention relates to an image processing 
device, image processing method, and computer program 
which can accurately detect noise in an input image and 
eliminate or reduce the noise. 

BACKGROUND ART 

Noise in which the pixel value varies stepwise among 
adjacent pixels, such as block noise, has been known as noise 
in animage. Block noise occurs when an image is compressed 
using a scheme such as Moving Picture Expert Group 
(MPEG) or Joint Photographic Experts Group (JPEG). An 
image compression scheme such as MPEG or JPEG involves 
dividing the original image into blocks having a specific size 
and then compressing the image on a block basis. This pro 
cess makes the pixel value discontinuous across the bound 
aries of the adjacent blocks, so that the user may visually 
recognize the blockboundaries as noise. Such block noise can 
occur when compressing an image, as well as when dividing 
an image into blocks having a specific size and then process 
ing the image. 

Patent Literature 1 proposes a block noise detection device 
which calculates the spatial differences between the adjacent 
pixels with respect to an input video signal, outputs a spatial 
difference comparison determination signal on the basis of a 
comparison among the adjacent multiple spatial differences, 
counts the spatial difference comparison determination sig 
nals for each phase, outputs accumulation signals, makes a 
comparison among the values of the multiple accumulation 
signals, and outputs a phase corresponding to an accumula 
tion signal having the largest value as a maximum accumu 
lation time phase signal. 

CITATION LIST 

Patent Literature 

Patent Literature 1:Japanese Unexamined Patent Application 
Publication No. 2009-105990 

SUMMARY OF INVENTION 

Technical Problem 

However, the block noise detection device of Patent Lit 
erature 1 has a problem that block noise can be detected only 
when the block size is fixed. Accordingly, this device cannot 
handle an image generated through image processing in 
which the block size is variable. Another problem with the 
block noise detection device of Patent Literature 1 is that the 
boundary of the detected block noise has a width correspond 
ing to one pixel and, when Smoothing pixels around a pixel 
corresponding to the noise boundary, one of the areas hori 
Zontally (or vertically) adjacent to the noise boundary is 
Smoothed as an area larger than the other area by one pixel. 
Further, the block noise detection device of Patent Literature 
1 is configured to always Smooth the detected pixels. Accord 
ingly, this device Smoothes even pixels which actually need 
not be Smoothed, so that image quality may degrade. 

Further, in a traditional noise elimination process, the same 
Smoothing filter is used, regardless of the type of detected 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
noise (e.g., noise including only a low-frequency component, 
noise including a low-frequency component, as well as a 
high-frequency component, and the like). For this reason, if 
an image includes multiple types of noise, there may be 
obtained a noise elimination result where one type of noise 
has been eliminated with high performance and the other type 
of noise has been eliminated with low performance. 
The present invention has been made in view of the fore 

going, and an object thereof is to provide animage processing 
device, image processing method, and computer program 
which can accurately detect noise in an input image and 
eliminate or reduce the noise. Another object of the present 
invention is to provide an image processing device, image 
processing method, and computer program which, even when 
an input image includes multiple types of noise, can properly 
Smooth the input image to eliminate or reduce the noise. 

Solution to Problem 

The present invention provides an image processing device 
for eliminating or reducing noise from an input image com 
prising a plurality of pixels arranged in a matrix to generate an 
output image. The image processing device comprises: 

specific area extraction means configured to extract a spe 
cific area comprising a target pixel from the input image; 

Smoothing determination means configured to determine 
whether to perform a first Smoothing process on the target 
pixel, on the basis of the specific area extracted by the specific 
area extraction means; 

first Smoothing means configured to, if the Smoothing 
determination means determines that the first Smoothing pro 
cess is to be performed on the target pixel, perform the first 
Smoothing process using a smoothing filter to Smooth a value 
of the target pixel; and 

second Smoothing means configured to, if the Smoothing 
determination means determines that the first Smoothing pro 
cess is not to be performed on the target pixel, perform a 
second Smoothing process using an edge-preserving Smooth 
ing filter to Smooth the value of the target pixel. The image 
processing device generates an output image by replacing a 
value of each pixel in the input image with eitherapixel value 
Smoothed by the first Smoothing means or a pixel value 
Smoothed by the second Smoothing means. 
The image processing device of the present invention fur 

ther comprises: 
noise boundary direction determination means configured 

to, if the Smoothing determination means determines that the 
first Smoothing process is to be performed on the target pixel, 
determine an extending direction of aboundary of noise in the 
specific area; and 

noise boundary position determination means configured 
to, if the Smoothing determination means determines that the 
first Smoothing process is to be performed on the target pixel, 
determine a position of the noise boundary in the specific 
aca. 

In the image processing device of the present invention, if 
the Smoothing determination means determines that the 
Smoothing process is to be performed on the target pixel and 
if the direction determined by the noise boundary direction 
determination means is a predetermined direction, the noise 
boundary position determination means determines the posi 
tion of the noise boundary in the specific area. 
The image processing device of the present invention fur 

ther comprises specific area expansion means configured to, 
if the direction determined by the noise boundary direction 
determination means is not the predetermined direction, 
expand the specific area. The noise boundary direction deter 
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mination means re-determines the direction in the specific 
area expanded by the specific area expansion means. 

In the image processing device of the present invention, 
expansion of the specific area by the specific area expansion 
means and determination of the direction by the noise bound 
ary direction determination means are repeated until the 
direction determined by the noise boundary direction deter 
mination means becomes the predetermined direction or until 
a size of the specific area becomes a predetermined size. 
The image processing device of the present invention fur 

ther comprises: 
Smoothing filter storage means configured to store a plu 

rality of Smoothing filters used by the first Smoothing means; 
and 

filter selection means configured to select a smoothing 
filter from the smoothing filters stored in the smoothing filter 
storage means on the basis of the position determined by the 
noise boundary position determination means and the direc 
tion determined by the noise boundary direction determina 
tion means. The first Smoothing means Smoothes the value of 
the target pixel using the smoothing filter selected by the filter 
selection means. 
The image processing device of the present invention fur 

ther comprises differential calculation means configured to 
calculate differentials between values of pixels in an image of 
the specific area extracted by the specific area extraction 
means. The Smoothing determination means determines 
whether the smoothing process is to be performed on the 
target pixel, on the basis of the differentials calculated by the 
differential calculation means. 

In the image processing device of the present invention, the 
differential calculation means calculates first- and second 
order differentials between values of adjacent pixels, and 

the Smoothing determination means makes a determination 
on the basis of the first- and second-order differentials calcu 
lated by the differential calculation means. 
The image processing device of the present invention fur 

ther comprises: 
first-order differential binarization means configured to 

binarize the first-order differentials calculated by the differ 
ential calculation means on the basis of whether the first 
order differentials each exceed a threshold; 

first OR operation means configured to perform an OR 
operation on the first-order differentials binarized by the first 
order differential binarization means; 

second-order differential binarization means configured to 
binarize the second-order differentials calculated by the dif 
ferential calculation means on the basis of whether the sec 
ond-order differentials each exceed a threshold; 

second OR operation means configured to perform an OR 
operation on the second-order differentials binarized by the 
second-order differential binarization means; and 

third OR operation means configured to perform an OR 
operation on a result of the operation performed by the first 
OR operation means and a result of the operation performed 
by the second OR operation means. The Smoothing determi 
nation means makes a determination on the basis of a result of 
the operation performed by the third OR operation means. 

In the image processing device of the present invention, the 
differential calculation means, the first-order differential 
binarization means, the first OR operation means, the second 
order differential binarization means, the second OR opera 
tion means, and the third OR operation means perform 
respective processes with respect to longitudinal and trans 
verse directions of the specific area, and 
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4 
the Smoothing determination means makes a determination 

on the basis of results of the operations performed with 
respect to the longitudinal and transverse directions by the 
third OR operation means. 
The image processing device of the present invention fur 

ther comprises noise boundary direction determination 
means configured to, if the Smoothing determination means 
determines that the first Smoothing process is to be performed 
on the target pixel, determine an extending direction of a 
boundary of noise in the specific area. The noise boundary 
direction determination means determines whether the noise 
boundary extends in the longitudinal direction and/or the 
transverse direction in the specific area, on the basis of the 
results of the operations with respect to the longitudinal and 
transverse directions performed by the third OR operation 
CaS. 

The image processing device of the present invention fur 
ther comprises noise boundary position determination means 
configured to, if the Smoothing determination means deter 
mines that the first Smoothing process is to be performed on 
the target pixel, determine aposition of a boundary of noise in 
the specific area. The noise boundary position determination 
means determines the position of the noise boundary in the 
specific area on the basis of a pattern in the specific area, of the 
second-order differentials binarized by the second-order dif 
ferential binarization means. 
The image processing device of the present invention fur 

ther comprises: 
Sobel filter storage means configured to store a plurality of 

Sobel filters which detect strengths of edge components in 
different specific directions: 

edge strength calculation means configured to filter the 
specific area extracted by the specific area extraction means 
using the Sobel filters stored in the Sobel filter storage means 
and to calculate strengths of edge components in a plurality of 
directions in the specific area; and 

edge strength difference determination means configured 
to determine whether a difference between the highest and 
lowest of the plurality of edge strengths calculated by the 
edge strength calculation means exceeds a threshold. If the 
edge strength difference determination means determines 
that the difference does not exceed the threshold, the second 
Smoothing means Smoothes the value of the target pixel in the 
specific area using a smoothing filter which is not of an 
edge-preserving type. 
The image processing device of the present invention fur 

ther comprises application determination means configured 
to determine whether to apply a result of the Smoothing pro 
cess performed by the second Smoothing means. The image 
processing device generates an output image by replacing a 
value of each pixel in the input image with one of a pixel value 
Smoothed by the first Smoothing means, a pixel value 
Smoothed by the second Smoothing means, and a yet-to-be 
Smoothed, original pixel value. 
The image processing device of the present invention fur 

ther comprises: 
second edge strength calculation means configured to filter 

the specific area extracted by the specific area extraction 
means using a Laplacian filter and to calculate a strength of an 
edge component in the specific area; and 

edge strength determination means configured to deter 
mine whether the strength calculated by the second edge 
strength calculation means exceeds a threshold. 

If the edge strength determination means determines that 
the strength exceeds the threshold, the application determi 
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nation means determines that the result of the Smoothing 
process performed by the second Smoothing means is to be 
applied, and 

if the edge strength determination means determines that 
the strength does not exceed the threshold, the application 5 
determination means determines that the result of the smooth 
ing process performed by the second Smoothing means is not 
to be applied. 

The image processing device of the present invention fur 
ther comprises: 

increase/decrease frequency calculation means configured 
to calculate an increase/decrease frequency of values of adja 
cent pixels in a specific direction in the specific area extracted 
by the specific area extraction means; and 

increase/decrease frequency determination means config 
ured to determine whether the increase/decrease frequency 
calculated by the increase/decrease frequency calculation 
means exceeds a threshold. 

If the increase? decrease frequency determination means 20 
determines that the increase? decrease frequency does not 
exceed the threshold, the application determination means 
determines that the result of the Smoothing process performed 
by the second Smoothing means is to be applied, and 

if the increase/decrease frequency determination means 25 
determines that the increase/decrease frequency exceeds the 
threshold, the application determination means determines 
that the result of the smoothing process performed by the 
second Smoothing means is not to be applied. 
The image processing device of the present invention fur- 30 

ther comprises: 
smoothing difference calculation means configured to cal 

culate a difference between the value of the target pixel in the 
specific area extracted by the specific area extraction means 
and the pixel value Smoothed by the second Smoothing 35 
means; and 

Smoothing difference determination means configured to 
determine whether the difference calculated by the smooth 
ing difference calculation means exceeds a threshold. 

If the Smoothing difference determination means deter- 40 
mines that the difference does not exceed the threshold, the 
application determination means determines that the result of 
the Smoothing process performed by the second Smoothing 
means is to be applied, and 

if the Smoothing difference determination means deter- 45 
mines that the difference exceeds the threshold, the applica 
tion determination means determines that the result of the 
Smoothing process performed by the second Smoothing 
means is not to be applied. 
The present invention provides an image processing device 50 

for eliminating or reducing noise from an input image com 
prising a plurality of pixels arranged in a matrix to generate an 
output image. The image processing device comprises: 

specific area extraction means configured to extract a spe 
cific area comprising a target pixel from the input image; 55 

Smoothing determination means configured to determine 
whether to perform a first Smoothing process on the target 
pixel, on the basis of the specific area extracted by the specific 
area extraction means; 

first Smoothing means configured to, if the Smoothing 60 
determination means determines that the first Smoothing pro 
cess is to be performed on the target pixel, perform the first 
Smoothing process using a smoothing filter to Smooth a value 
of the target pixel; 

second Smoothing means configured to, if the Smoothing 65 
determination means determines that the first Smoothing pro 
cess is not to be performed on the target pixel, perform a 
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second Smoothing process using an edge-preserving Smooth 
ing filter to Smooth the value of the target pixel; and 

application determination means configured to determine 
whether to apply a result of the Smoothing process performed 
by the second Smoothing means. 
The image processing device generates an output image by 

replacing a value of each pixel in the input image with one of 
a pixel value Smoothed by the first Smoothing means, a pixel 
value Smoothed by the second Smoothing means, and a yet 
to-be-Smoothed, original pixel value. 
The present invention provides an image processing device 

for eliminating or reducing noise from an input image com 
prising a plurality of pixels arranged in a matrix to generate an 
output image. The image processing device comprises: 

specific area extraction means configured to extract a spe 
cific area comprising a target pixel from the input image; 

differential calculation means configured to calculate dif 
ferentials between values of pixels in an image of the specific 
area extracted by the specific area extraction means; 

Smoothing determination means configured to determine 
whether to perform a Smoothing process on the target pixel, 
on the basis of the differentials calculated by the differential 
calculation means; 

noise boundary direction determination means configured 
to, if the Smoothing determination means determines that the 
Smoothing process is to be performed on the target pixel, 
determine an extending direction of aboundary of noise in the 
specific area; 

noise boundary position determination means configured 
to, if the Smoothing determination means determines that the 
Smoothing process is to be performed on the target pixel, 
determine a position of the noise boundary in the specific 
area; and 

Smoothing means configured to, if the Smoothing determi 
nation means determines that the Smoothing process is to be 
performed on the target pixel, perform the Smoothing process 
on the target pixel on the basis of the direction determined by 
the noise boundary direction determination means and the 
position determined by the noise boundary position determi 
nation means. 
The present invention provides an image processing device 

comprising: 
specific area extraction means configured to extract a spe 

cific area comprising a target pixel from an input image 
comprising a plurality of pixels arranged in a matrix: 

differential calculation means configured to calculate dif 
ferentials between values of pixels in an image of the specific 
area extracted by the specific area extraction means; 

noise boundary direction determination means configured 
to determine an extending direction of a boundary of noise in 
the specific area on the basis of the differentials calculated by 
the differential calculation means; and 

noise boundary position determination means configured 
to determine a position of the noise boundary in the specific 
area on the basis of the differentials calculated by the differ 
ential calculation means. 
The present invention provides an image processing 

method for eliminating or reducing noise from an input image 
comprising a plurality of pixels arranged in a matrix to gen 
erate an output image. The image processing method com 
prises: 

a specific area extraction step of extracting a specific area 
comprising a target pixel from the input image: 

a smoothing determination step of determining whether to 
perform a first Smoothing process on the target pixel, on the 
basis of the specific area extracted in specific area extraction 
step; 
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a first Smoothing step of, if it is determined in the Smooth 
ing determination step that the first Smoothing process is to be 
performed on the target pixel, performing the first Smoothing 
process using a smoothing filter to Smooth a value of the target 
pixel; 

a second Smoothing step of, if it is determined in the 
Smoothing determination step that the first Smoothing process 
is not to be performed on the target pixel, performing a second 
Smoothing process using an edge-preserving Smoothing filter 
to Smooth the value of the target pixel; and 

a generation step of generating an output image by replac 
ing a value of each pixel in the input image with eitherapixel 
value Smoothed in the first Smoothing step or a pixel value 
Smoothed in the second Smoothing step. 
The image processing method of the present invention 

further comprises: 
a noise boundary direction determination step of, if it is 

determined in the Smoothing determination step that the first 
Smoothing process is to be performed on the target pixel, 
determining an extending direction of a boundary of noise in 
the specific area; and 

a noise boundary position determination step of, if it is 
determined in the Smoothing determination step that the first 
Smoothing process is to be performed on the target pixel, 
determining a position of the noise boundary in the specific 
aca. 

In the image processing method of the present invention, 
the noise boundary position determination step comprises, if 
it is determined in the Smoothing determination step that the 
Smoothing process is to be performed on the target pixel and 
if the direction determined in the noise boundary direction 
determination step is a predetermined direction, determining 
the position of the noise boundary in the specific area. 

The image processing method of the present invention 
further comprises a specific area expansion step of, if the 
direction determined in the noise boundary direction deter 
mination step is not the predetermined direction, expanding 
the specific area. 

The noise boundary direction determination step com 
prises re-determining the direction in the specific area 
expanded in the specific area expansion step. 

In the image processing method of the present invention, 
expansion of the specific area in the specific area expansion 
step and determination of the direction in the noise boundary 
direction determination step are repeated until the direction 
determined in the noise boundary direction determination 
step becomes the predetermined direction or until a size of the 
specific area extraction becomes a predetermined size in the 
specific area expansion step. 

In the image processing method of the present invention, a 
plurality of Smoothing filters used in the first Smoothing step 
are previously stored, the method further comprises 

a filter selection step of selecting a smoothing filter from 
the stored smoothing filters on the basis of the position deter 
mined in the noise boundary position determination step and 
the direction determined in the noise boundary direction 
determination step. 
The first Smoothing step comprises Smoothing the value of 

the target pixel using the Smoothing filter selected in the filter 
selection step. 
The image processing method of the present invention 

further comprises a differential calculation step of calculating 
differentials between values of pixels in an image of the 
specific area extracted in the specific area extraction step. 
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The Smoothing determination step comprises determining 

whether the smoothing process is to be performed on the 
target pixel, on the basis of the differentials calculated in the 
differential calculation step. 

In the image processing method of the present invention, 
the differential calculation step comprises calculating first 
and second-order differentials between values of adjacent 
pixels, and 

the Smoothing determination step comprises making a 
determination on the basis of the first- and second-order dif 
ferentials calculated in the differential calculation step. 
The image processing method of the present invention 

further comprises: 
a first-order differential binarization step of binarizing the 

first-order differentials calculated in the differential calcula 
tion step on the basis of whether the first-order differentials 
each exceed a threshold; 

a first OR operation step of performing an OR operation on 
the first-order differentials binarized in the first-order differ 
ential binarization step; 

a second-order differential binarization step of binarizing 
the second-order differentials calculated in the differential 
calculation step on the basis of whether the second-order 
differentials each exceed a threshold; 

a second OR operation step of performing an OR operation 
on the second-order differentials binarized in the second 
order differential binarization step; and 

a third OR operation step of performing an OR operation 
on a result of the operation in the first OR operation step and 
a result of the operation in the second OR operation step. 
The smoothing determination step comprises making a 

determination on the basis of a result of the operation in the 
third OR operation step. 

In the image processing method of the present invention, 
the differential calculation step, the first-order differential 
binarization step, the first OR operation step, the second 
order differential binarization step, the second OR operation 
step, and the third OR operation step each comprise perform 
ing processes with respect to longitudinal and transverse 
directions of the specific area, and 

the Smoothing determination step comprises making a 
determination on the basis of results of the operations with 
respect to the longitudinal and transverse directions in the 
third OR operation step. 
The image processing method of the present invention 

further comprises a noise boundary direction determination 
step of, if it is determined in the Smoothing determination step 
that the first smoothing process is to be performed on the 
target pixel, determining an extending direction of a bound 
ary of noise in the specific area. 
The noise boundary direction determination step com 

prises determining whether the noise boundary extends in the 
longitudinal direction and/or the transverse direction in the 
specific area, on the basis of the results of the operations with 
respect to the longitudinal and transverse directions in the 
third OR operation step. 
The image processing method of the present invention 

further comprises a noise boundary position determination 
step of, if it is determined in the Smoothing determination step 
that the first smoothing process is to be performed on the 
target pixel, determining a position of the noise boundary in 
the specific area. The noise boundary position determination 
step comprises determining the position of the noise bound 
ary in the specific area on the basis of a pattern in the specific 
area, of the second-order differentials binarized in the sec 
ond-order differential binarization step. 
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The image processing method of the present invention 
further comprises: 

an edge strength calculation step of previously storing a 
plurality of Sobel filters which detect strengths of edge com 
ponents in different specific directions, filtering the specific 
area extracted in the specific area extraction step using the 
stored Sobel filters, and calculating strengths of edge compo 
nents in a plurality of directions in the specific area; and 

an edge strength difference determination step of deter 
mining whether a difference between the highest and lowest 
of the plurality of edge strengths calculated in the edge 
strength calculation step exceeds a threshold. 
The second Smoothing step comprises, if it is determined in 

the edge strength difference determination step that the dif 
ference does not exceed the threshold, smoothing the value of 
the target pixel in the specific area using a smoothing filter 
which is not of an edge-preserving type. 

The image processing method of the present invention 
further comprises an application determination step of deter 
mining whether to apply a result of the Smoothing process 
performed in the second Smoothing step. 
The generation step comprises generating an output image 

by replacing a value of each pixel in the input image with one 
of a pixel value Smoothed in the first Smoothing step, a pixel 
value Smoothed in the second Smoothing step, and a yet-to 
be-Smoothed, original pixel value. 

The image processing method of the present invention 
further comprises: 

a second edge strength calculation step of filtering the 
specific area extracted in the specific area extraction step 
using a Laplacian filter and calculating a strength of an edge 
component in the specific area; and 

an edge strength determination step of determining 
whether the strength calculated in the second edge strength 
calculation step exceeds a threshold. 
The application determination step comprises, if it is deter 

mined in the edge strength determination step that the 
strength exceeds the threshold, determining that the result of 
the Smoothing process performed in the second Smoothing 
step is to be applied and, if it is determined in the edge 
strength determination step that the strength does not exceed 
the threshold, determining that the result of the smoothing 
process performed in the second Smoothing step is not to be 
applied. 
The image processing method of the present invention 

further comprises: 
an increase? decrease frequency calculation step of calcu 

lating an increase/decrease frequency of values of adjacent 
pixels in a specific direction in the specific area extracted in 
the specific area extraction step; and 

an increase? decrease frequency determination step of 
determining whether the increase? decrease frequency calcu 
lated in the increase? decrease frequency calculation step 
exceeds a threshold. 
The application determination step comprises, if it is deter 

mined in the increase/decrease frequency determination step 
that the increase? decrease frequency does not exceed the 
threshold, determining that the result of the Smoothing pro 
cess performed in the second Smoothing step is to be applied 
and, if it is determined in the increase? decrease frequency 
determination step that the increase? decrease frequency 
exceeds the threshold, determining that the result of the 
Smoothing process performed in the second Smoothing step is 
not to be applied. 
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10 
The image processing method of the present invention 

further comprises: 
a smoothing difference calculation step of calculating a 

difference between the value of the target pixel in the specific 
area extracted in the specific area extraction step and the pixel 
value Smoothed in the second Smoothing step; and 

a smoothing difference determination step of determining 
whether the difference calculated in the smoothing difference 
calculation step exceeds a threshold. 
The application determination step comprises, if it is deter 

mined in the Smoothing difference determination step that the 
difference does not exceed the threshold, determining that the 
result of the Smoothing process performed in the second 
Smoothing step is to be applied and, if it is determined in the 
smoothing difference determination step that the difference 
exceeds the threshold, determining that the result of the 
Smoothing process performed in the second Smoothing step is 
not to be applied. 
The present invention provides an image processing 

method for eliminating or reducing noise from an input image 
comprising a plurality of pixels arranged in a matrix to gen 
erate an output image. The image processing method com 
prises: 

a specific area extraction step of extracting a specific area 
comprising a target pixel from the input image: 

a smoothing determination step of determining whether to 
perform a first Smoothing process on the target pixel, on the 
basis of the specific area extracted in specific area extraction 
step; 

a first Smoothing step of, if it is determined in the Smooth 
ing determination step that the first smoothing process is to be 
performed on the target pixel, performing the first Smoothing 
process using a smoothing filter to Smootha Value of the target 
pixel; 

a second Smoothing step of, if it is determined in the 
Smoothing determination step that the first Smoothing process 
is not to be performed on the target pixel, performing a second 
Smoothing process using an edge-preserving Smoothing filter 
to smooth the value of the target pixel; 

an application determination step of determining whether 
to apply a result of the Smoothing process performed in the 
second Smoothing step; and 

a generation step of generating an output image by replac 
ing a value of each pixel in the input image with one of a pixel 
value Smoothed in the first Smoothing step, a pixel value 
Smoothed in the second Smoothing step, and a yet-to-be 
Smoothed, original pixel value. 
The present invention provides an image processing 

method for eliminating or reducing noise from an input image 
comprising a plurality of pixels arranged in a matrix to gen 
erate an output image. The image processing method com 
prises: 

a specific area extraction step of extracting a specific area 
comprising a target pixel from the input image: 

a differential calculation step of calculating differentials 
between values of pixels in an image of the specific area 
extracted in the specific area extraction step; 

a smoothing determination step of determining whether to 
perform a smoothing process on the target pixel, on the basis 
of the differentials calculated in the differential calculation 
step; 

a noise boundary direction determination step of, if it is 
determined in the Smoothing determination step that the 
Smoothing process is to be performed on the target pixel, 
determining an extending direction of a boundary of noise in 
the specific area; 
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a noise boundary position determination step of, if it is 
determined in the Smoothing determination step that the 
Smoothing process is to be performed on the target pixel, 
determining a position of the noise boundary in the specific 
area; and 

a Smoothing step of, if it is determined in the Smoothing 
determination step that the Smoothing process is to be per 
formed on the target pixel, performing the Smoothing process 
on the target pixel on the basis of the direction determined in 
the noise boundary direction determination step and the posi 
tion determined in the noise boundary position determination 
step. 
The present invention provides an image processing 

method comprising: 
a specific area extraction step of extracting a specific area 

comprising a target pixel from an input image comprising a 
plurality of pixels arranged in a matrix: 

a differential calculation step of calculating differentials 
between values of pixels in an image of the specific area 
extracted in the specific area extraction step; 

a noise boundary direction determination step of determin 
ing an extending direction of a boundary of noise in the 
specific area on the basis of the differentials calculated in the 
differential calculation step; and a noise boundary position 
determination step of determining a position of the noise 
boundary in the specific area on the basis of the differentials 
calculated in the differential calculation step. 
The present invention provides a computer program for 

eliminating or reducing noise from an input image compris 
ing a plurality of pixels arranged in a matrix to generate an 
output image. The computer program causes the computer to 
operate as: 

specific area extraction means configured to extract a spe 
cific area comprising a target pixel from the input image; 

Smoothing determination means configured to determine 
whether to perform a first Smoothing process on the target 
pixel, on the basis of the specific area extracted by the specific 
area extraction means; 

first Smoothing means configured to, if the Smoothing 
determination means determines that the first Smoothing pro 
cess is to be performed on the target pixel, perform the first 
Smoothing process using a smoothing filter to Smooth a value 
of the target pixel; 

second Smoothing means configured to, if the Smoothing 
determination means determines that the first Smoothing pro 
cess is not to be performed on the target pixel, perform a 
second Smoothing process using an edge-preserving Smooth 
ing filter to Smooth the value of the target pixel; and 

generation means configured to generate an output image 
by replacing a value of each pixel in the input image with 
eitherapixel value Smoothed by the first Smoothing means or 
a pixel value Smoothed by the second Smoothing means. 
The present invention provides a computer program for 

eliminating or reducing noise from an input image compris 
ing a plurality of pixels arranged in a matrix to generate an 
output image. The computer program causes the computer to 
operate as: 

specific area extraction means configured to extract a spe 
cific area comprising a target pixel from the input image; 

Smoothing determination means configured to determine 
whether to perform a first Smoothing process on the target 
pixel, on the basis of the specific area extracted by the specific 
area extraction means; 

first Smoothing means configured to, if the Smoothing 
determination means determines that the first Smoothing pro 
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12 
cess is to be performed on the target pixel, perform the first 
Smoothing process using a smoothing filter to Smooth a value 
of the target pixel; 

second Smoothing means configured to, if the Smoothing 
determination means determines that the first Smoothing pro 
cess is not to be performed on the target pixel, perform a 
second Smoothing process using an edge-preserving Smooth 
ing filter to smooth the value of the target pixel; 

application determination means configured to determine 
whether to apply a result of the Smoothing process performed 
by the second Smoothing means; and 

generation means configured to generate an output image 
by replacing a value of each pixel in the input image with one 
of a pixel value Smoothed by the first Smoothing means, a 
pixel value Smoothed by the second Smoothing means, and a 
yet-to-be-Smoothed, original pixel value. 
The present invention provides a computer program for 

eliminating or reducing noise from an input image compris 
ing a plurality of pixels arranged in a matrix to generate an 
output image. The computer program causes the computer to 
operate as: 

specific area extraction means configured to extract a spe 
cific area comprising a target pixel from the input image; 

differential calculation means configured to calculate dif 
ferentials between values of pixels in an image of the specific 
area extracted by the specific area extraction means; 

Smoothing determination means configured to determine 
whether to perform a Smoothing process on the target pixel, 
on the basis of the differentials calculated by the differential 
calculation means; 

noise boundary direction determination means configured 
to, if the smoothing determination means determines that the 
Smoothing process is to be performed on the target pixel, 
determine an extending direction of aboundary of noise in the 
specific area; 

noise boundary position determination means configured 
to, if the Smoothing determination means determines that the 
Smoothing process is to be performed on the target pixel, 
determine a position of the noise boundary in the specific 
area; and 

Smoothing means configured to, if the Smoothing determi 
nation means determines that the Smoothing process is to be 
performed on the target pixel, perform the Smoothing process 
on the target pixel on the basis of the direction determined by 
the noise boundary direction determination means and the 
position determined by the noise boundary position determi 
nation means. 
The present invention provides a computer program for 

causing a computer to operate as: 
specific area extraction means configured to extract a spe 

cific area comprising a target pixel from an input image 
comprising a plurality of pixels arranged in a matrix: 

differential calculation means configured to calculate dif 
ferentials between values of pixels in an image of the specific 
area extracted by the specific area extraction means; 

noise boundary direction determination means configured 
to determine an extending direction of a boundary of noise in 
the specific area on the basis of the differentials calculated by 
the differential calculation means; and 

noise boundary position determination means configured 
to determine a position of the noise boundary in the specific 
area on the basis of the differentials calculated by the differ 
ential calculation means. 
The present invention involves extracting a specific area 

including a target pixel from an input image, calculating the 
differentials between the values of pixels adjacent to the 
target pixel, determining whetherto Smooth the target pixel in 
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the specific area, on the basis of the calculated differentials, 
and, if it is determined that the target pixel is to be smoothed, 
determining the extending direction and position of the 
boundary of noise. 

Thus, it is possible to properly filter the specific area on the 
basis of the direction and position of the noise boundary to 
accurately eliminate or reduce the noise in the input image. 
The present invention also involves, if the extending direc 

tion of the noise boundary in the specific area is not the 
predetermined direction, expanding the specific area to re 
determine the direction of the noise boundary. This process 
may be repeated until the direction of the noise boundary 
becomes the predetermined direction or until the size of the 
specific area becomes the predetermined size. Thus, block 
noises having various sizes can be accurately detected. 
The present invention also involves calculating the first 

and second-order differentials between the values of the adja 
cent pixels to determine whether to smooth the target pixel in 
the specific area. The above process may include comparing 
the first-order differentials with the threshold to binarize the 
first-order differentials, performing an OR operation on the 
binarized first-order differentials, comparing the second-or 
der differentials with the threshold to binarize the second 
order differentials, performing an OR operation on the bina 
rized second-order differentials, performing an OR operation 
on the result of the OR operation on the binarized first-order 
differentials and the result of the OR operation on the bina 
rized second-order differentials, and making a determination 
on the basis of the operation result. The above process may 
also be performing these calculations with respect to the 
longitudinal and transverse directions (vertical and horizontal 
directions) of the image and then determining whether to 
perform the Smoothing process, on the basis of the operation 
results with respect to the respective directions. 

Thus, the noise in the specific area can be accurately 
detected. 
The present invention also involves determining whether 

the noise boundary extends in the longitudinal and/or trans 
verse directions, on the basis of the ORs with respect to the 
longitudinal and transverse directions obtained through the 
above operations. Thus, whether the noise boundary extends 
in the longitudinal and/or transverse directions can be easily 
determined. 
The present invention also involves determining the posi 

tion of the noise boundary in the specific area, on the basis of 
the 0/1 array pattern of the binarized second-order differen 
tials in the specific area. Thus, the position of the noise bound 
ary can be easily determined. 
The present invention also involves previously storing mul 

tiple Smoothing filters for eliminating or reducing noise, 
selecting a smoothing filter from the stored Smoothing filters 
on the basis of the direction and position of the noise bound 
ary in the specific area, and Smoothing the value of the target 
pixel in the specific area using the selected Smoothing filter. 
Thus, the target pixel can be Smoothed in a manner Suitable 
for the position and direction of the noise boundary in the 
specific area. 
The present invention also involves determining whether to 

perform the first Smoothing process on the target pixel on the 
basis of the specific area extracted from the input image, if so 
determined, performing the first Smoothing process on the 
target pixel using a smoothing filter, and if not so determined, 
performing a second Smoothing process on the target pixel 
using an edge-preserving Smoothing filter. At this time, 
whether to apply the result of the second Smoothing process is 
determined based on the pixel values in the specific area, the 
result of the second Smoothing process, and the like. 
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The image processing unit selects a pixel value Smoothed 

in the first Smoothing process, a pixel value Smoothed in the 
second Smoothing process, or the yet-to-be-Smoothed, origi 
nal pixel value in the input image, as the value of a pixel in an 
output image corresponding to the target pixel in the input 
image. By making Such selection with respect to all the pixels 
in the input image, an output image can be generated. 

Thus, it is possible to Smooth each pixel in the input image 
in a manner Suitable for the pixel, as well as to generate an 
output image without Smoothing pixels which need not be 
Smoothed. 
The present invention also involves calculating the 

strengths of edge components in multiple directions in the 
specific area using multiple Sobel filters, selecting the highest 
and lowest of the calculated multiple edge strengths, and 
determining whether the difference therebetween exceeds the 
threshold. If the difference does not exceed the threshold, the 
specific area can be regarded as an approximately flat image 
including no edge component and therefore can be Smoothed 
using a smoothing filter which is not of edge-preserving type. 
The present invention also involves determining whether to 

apply the result of the Smoothing process using the edge 
preserving Smoothing filter, on the basis of one or more cri 
teria. 

For example, if an input image including a clear edge or 
pattern, or the like is Smoothed, the image quality may be 
degraded. In Sucha case, the original pixel value is used rather 
than the result of the Smoothing process. 
The present invention also involves filtering the extracted 

specific area using a Laplacian filter, calculating the strength 
of the edge component in the specific area, determining 
whether the calculated strength exceeds the threshold, using 
the result of the Smoothing process if the strength of the edge 
component exceeds the threshold, and not using the result of 
the Smoothing process if the strength does not exceed the 
threshold. 

For example, if an input image includes fine texture such as 
pixel-based texture, the edge strength may be determined to 
be a lower strength, depending on the arrangement or the like. 
Or, even when an edge-preserving Smoothing filter is used, 
Such an image may be smoothed without the edge thereof 
being preserved, or the texture may become ambiguous. For 
this reason, the vibration frequency of the pixels (the 
increase? decrease frequency of the pixel values) in the spe 
cific area is calculated. If the calculated vibration frequency is 
higher than the threshold, this specific area is regarded as a 
texture area, and the result of the Smoothing process is not 
used. Thus, degradation of the texture due to the Smoothing 
process can be prevented. 

For example, if only the target pixel has a significantly 
different value from those of the other pixels in the specific 
area, whether such a value is derived from texture or noise is 
difficult to determine. In such a case, the difference between 
the values of the target pixel before and after the smoothing 
process is calculated to reduce the effect of the Smoothing 
process. If the calculated difference exceeds the threshold, the 
result of the smoothing process is not used. Thus, the effect of 
the smoothing process can be controlled within the threshold. 

Advantageous Effects of Invention 

According to the present invention, it is possible to accu 
rately detect noise in an input image, as well as to Smooth the 
input image in a manner Suitable for the position and direction 
of the noise boundary. Thus, the noise in the input image can 
be accurately eliminated or reduced. Further, if the direction 
of the noise boundary in the specific area is not the predeter 
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mined direction, the specific area is expanded to re-determine 
the direction of the noise boundary. Thus, block noises having 
various sizes can be accurately detected. 

Further, according to the present invention, a pixel value 
Smoothed using the Smoothing filter, a pixel value Smoothed 
using the edge-preserving Smoothing filter, or the yet-to-be 
Smoothed, original pixel value is selected as the value of a 
pixel in an output image corresponding to the target pixel and 
then outputted. Thus, it is possible to smooth the respective 
pixels in the input image in a manner Suitable for the type of 
noise or the like and to generate a high-quality output image 
where the noise is eliminated or reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the configuration of a 
display device of the present embodiment. 

FIG. 2 is a block diagram showing an example configura 
tion of an image processing unit. 

FIG. 3 is a flowchart showing an example of the steps of a 
noise elimination process performed by the image processing 
unit. 

FIG. 4 is a flowchart schematically showing the steps of a 
Smoothing determination process performed by the image 
processing unit. 

FIG. 5 is a schematic diagram showing a horizontal deter 
mination process in step S21. 

FIG. 6 is a flowchart showing the steps of the horizontal 
determination process performed by the image processing 
unit. 

FIG. 7 is a schematic diagram showing a vertical determi 
nation process in Step S22. 

FIG. 8 is a schematic diagram showing a noise boundary 
direction determination process. 

FIG. 9 is a schematic diagram showing a noise boundary 
position determination process. 

FIG. 10 includes schematic diagrams each showing an 
example of a smoothing filter. 

FIG. 11 includes schematic diagrams each showing an 
example of a smoothing filter. 

FIG. 12 includes schematic diagrams each showing an 
example of an edge-preserving Smoothing filter. 

FIG. 13 includes schematic diagrams each showing an 
example of an edge-preserving Smoothing filter. 

FIG. 14 is a schematic diagram showing an example of an 
edge-preserving Smoothing filter. 

FIG. 15 includes schematic diagrams each showing an 
example of a Sobel filter for determining the direction. 

FIG. 16 is a graph showing an example of the correspon 
dence between the value calculated by the Sobel filter and the 
angle. 

FIG. 17 is a schematic diagram showing an interpolation 
process for estimating the strength. 

FIG. 18 is a graph showing an example of the correspon 
dence between the value calculated by the Sobel filter and the 
angle. 

FIG. 19 is a flowchart showing the steps of an edge-pre 
serving Smoothing process. 

FIG. 20 is a schematic diagram showing the determination 
of the amount of the edge using a Laplacian filter. 

FIG. 21 includes schematic diagrams showing an applica 
tion determination based on the vibration frequency. 

FIG. 22 includes schematic diagrams showing an applica 
tion determination based on the vibration frequency. 

FIG. 23 is a flowchart showing the steps of an application 
determination process. 
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FIG. 24 is a flowchart showing the steps of an application 

determination process. 
FIG.25 is a block diagram showing the configuration of a 

PC of a modification. 

DESCRIPTION OF EMBODIMENTS 

Now, an embodiment of the present invention will be 
described specifically with reference to the drawings. To 
describe the configuration of an image processing device, 
image processing method, and computer program of the 
present embodiment, there will be described, as an example, 
a display device which performs image processing Such as 
noise elimination or reduction on an input image from an 
external device Such as a personal computer (PC) and then 
displays the resulting image on a display unit Such as a liquid 
crystal panel. FIG. 1 is a block diagram showing the configu 
ration of a display device of the present embodiment. As 
shown in FIG. 1, a display device 1 performs various types of 
image processing on still images or moving images received 
from an external device such as a PC5 and then displays the 
resulting images on a liquid crystal panel 13. 
The display device 1 includes an image input unit 16, an 

image decompression unit 17, an image processing unit 20, a 
panel drive unit 18, and the like for driving a liquid crystal 
panel 13 on the basis of input images from the PC 5. The 
display device 1 also includes a backlight 14 that applies light 
to the back side of the liquid crystal panel 13 in order to 
display images and a light drive unit 15 that drives the back 
light 14. The display device 1 also includes an operation unit 
12 that receives an operation of the user and a control unit 11 
that controls the operations of the elements in the device on 
the basis of the received operation. 
The control unit 11 includes an arithmetic processor such 

as a central processing unit (CPU) or micro processing unit 
(MPU). The operation unit 12 includes one or more switches 
disposed at the front edge, side surface, or the like of the 
cabinet of the display device 1. It receives an operation of the 
user through these switches and notifies the control unit 11 of 
the received operation. For example, the user can change the 
brightness setting or color balance setting related to image 
display through the operation unit 12. At this time, the control 
unit 11 controls the operations of the elements in the device 
on the basis of the setting change received through the opera 
tion unit 12. 
The image input unit 16 has a connection terminal to which 

an external device such as the PC 5 is connected through a 
Video signal cable. In the present embodiment, the display 
device 1 receives, from the PC 5, image data compressed 
using a compression scheme such as MPEG or JPEG, serving 
as an input image. The image input unit 16 provides the input 
image from the PC5 to the image decompression unit 17. The 
image decompression unit 17 decompresses the input image 
from the image input unit 16 using a method corresponding to 
the compression scheme and then provides the resulting input 
image to the image processing unit 20. 
The image processing unit 20 can perform various types of 

image processing on the input image provided by the image 
decompression unit 17. In the present embodiment, the image 
processing unit 20 can perform image processing Such that 
stepwise noise, such as block noise, in the input image is 
eliminated (or reduced). The noise elimination process per 
formed by the image processing unit 20 will be described in 
detail later. The image processing unit 20 provides the result 
ing image to the panel drive unit 18. 
The panel drive unit 18 generates drive signals for driving 

the pixels included in the liquid crystal panel 13 on the basis 
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of the input image provided by the image processing unit 20 
and then outputs the drive signals. The liquid crystal panel 13 
is a display device in which multiple pixels are arranged in a 
matrix and which displays images by changing the transmit 
tance of the respective pixels on the basis of the drive signals 5 
from the panel drive unit 18. 
The backlight 14 includes a light Source Such as a light 

emitting diode (LED) or cold cathode fluorescent lamp 
(CCFL). It generates light on the basis of a drive voltage or 
drive current provided by the light drive unit 15 and applies 10 
the light to the back side of the liquid crystal panel 13. The 
light drive unit 15 generates a drive voltage or drive current on 
the basis of a control signal from the control unit 11 and then 
outputs it to the backlight 14. The control unit 11 determines 
the amount of drive of the backlight 14, for example, on the 15 
basis of the brightness setting or the like received through the 
operation unit 12 and outputs a control signal corresponding 
to the determined amount of drive to the light drive unit 15. 

FIG. 2 is a block diagram showing an example configura 
tion of the image processing unit 20 and shows blocks related 20 
to a process of eliminating noise from an input image. The 
image processing unit 20 includes a specific area extraction 
unit 21 that extracts an area having a specific size from the 
input image. The specific area extraction unit 21 extracts a 
specific area centered on one pixel (hereafter referred to as the 25 
target pixel) in the input image and consisting of for example, 
5x5 pixels. The specific area extracted by the specific area 
extraction unit 21 is provided to a smoothing determination 
unit 22, a first Smoothing unit 23, a second Smoothing unit 24, 
an application determination unit 25, and a pixel value selec- 30 
tion unit 26. 

The smoothing determination unit 22 determines whether 
to Smooth the target pixel in the specific area extracted by the 
specific area extraction unit 21 by checking the values of the 
multiple pixels in the specific area, changes in the values, and 35 
the like. The smoothing determination unit 22 then notifies 
the pixel value selection unit 26 of the determination as to 
whether to perform a smoothing process. If a noise boundary 
is present in the specific area, the Smoothing determination 
unit 22 determines the direction and position of the noise 40 
boundary in the specific area. The Smoothing determination 
unit 22 then provides the determined direction and position of 
the noise boundary to the first smoothing unit 23. 

The first smoothing unit 23 stores multiple smoothing fil 
ters. It Smoothes the input image by selecting one of these 45 
Smoothing filters and filtering the specific area using the 
selected Smoothing filter. At this time, the first Smoothing unit 
23 selects the one smoothing filter on the basis of the direction 
and position of the noise boundary provided by the Smoothing 
determination unit 22. The first smoothing unit 23 then pro- 50 
vides the result obtained by Smoothing the specific area using 
the smoothing filter, that is, the smoothed value of the target 
pixel in the specific area to the pixel value selection unit 26. 
The second Smoothing unit 24 filters the specific area using 

an edge-preserving Smoothing filter. The edge-preserving 55 
Smoothing filter can Smooth the specific area while preserv 
ing a high-frequency component (edge, etc.) in the specific 
area, that is, it can filter the specific area without significantly 
degrading the image quality. The second Smoothing unit 24 
stores multiple edge-preserving Smoothing filters corre- 60 
sponding to edge directions. It determines the direction of an 
edge in the specific area and Smoothes the specific area using 
a filter corresponding to the edge direction. The second 
smoothing unit 24 then provides the result obtained by 
Smoothing the specific area using the edge-preserving 65 
Smoothing filter, that is, the Smoothed value of the target pixel 
in the specific area to the pixel value selection unit 26. The 
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result of the Smoothing process performed by the second 
Smoothing unit 24 is also provided to the application deter 
mination unit 25. 
The application determination unit 25 determines whether 

to apply the result of the Smoothing process performed by the 
second Smoothing unit 24, on the basis of the characteristics 
of the pixel values in the specific area and/or the result of the 
Smoothing process performed by the second Smoothing unit 
24, and the like. For example, the application determination 
unit 25 makes this determination on the basis of the amount of 
the edge component in the specific area, the change pattern of 
the pixel values in the specific area, and/or the differences 
between the pixel values before and after the smoothing pro 
cess performed by the second Smoothing unit 24, and the like. 
The application determination unit 25 provides the determi 
nation to the pixel value selection unit 26. 
The pixel value selection unit 26 receives the three values 

of the target pixel in the input image, that is, the pixel value 
smoothed by the first smoothing unit, the pixel value 
Smoothed by the second Smoothing unit, and the original 
pixel value, which has yet to be smoothed. The pixel value 
selection unit 26 then selects one of the received three pixel 
values on the basis of the determination as to whether to 
perform Smoothing made by the Smoothing determination 
unit 22 and the determination made by the application deter 
mination unit 25 and outputs the selected pixel value. 

If the Smoothing determination unit 22 determines that a 
Smoothing process is to be performed, the pixel value selec 
tion unit 26 selects the pixel value smoothed by the first 
Smoothing unit 23 and outputs it. If the Smoothing determi 
nation unit 22 determines that a smoothing process is not to be 
performed and the application determination unit 25 deter 
mines that the result of the Smoothing process performed by 
the second Smoothing unit 24 is to be applied, the pixel value 
selection unit 26 selects the pixel value smoothed by the 
second Smoothing unit 24 and outputs it. If the Smoothing 
determination unit 22 determines that a smoothing process is 
not to be performed and the application determination unit 25 
determines that the result of the Smoothing process performed 
by the second Smoothing unit 24 is not to be applied, the pixel 
value selection unit 26 selects the original pixel value, which 
is yet to be smoothed, and outputs it. 
The units from the specific area extraction unit 21 to pixel 

value selection unit 26 perform the above processes on all the 
pixels of the input image. Thus, the image processing unit 20 
generates an output image and outputs it to the panel drive 
unit 18. While the image processing unit 20 shown in the 
block diagram of FIG. 2 is configured to perform processes in 
the first Smoothing unit 23, second Smoothing unit 24, and the 
like in parallel and to finally select among the process results, 
other configurations may be used. For example, the image 
processing unit 20 may be configured to sequentially deter 
mine whether a criterion for performing a smoothing process 
is satisfied and to, if the criterion is satisfied, perform one of 
the Smoothing processes, as shown below. 

FIG. 3 is a flowchart showing an example of the steps of a 
noise elimination process performed by the image processing 
unit 20. The image processing unit 20 selects one pixel as the 
target pixel in the input image from the image decompression 
unit 17 (step S1) and extracts a specific area including the 
target pixel and having a predetermined size (step S2). The 
image processing unit 20 then determines whether to perform 
a smoothing process on the target pixel in the extracted spe 
cific area (step S3). 

If the image processing unit 20 determines that a smooth 
ing process is to be performed (S4:YES), it filters the specific 
area using a Smoothing filter (step S5). This smoothing filter 
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is selected from among the previously stored multiple 
smoothing filters on the basis of the direction and position of 
the noise boundary determined in the Smoothing determina 
tion process. The image processing unit 20 then outputs, as 
the process result, the value of the target pixel filtered by the 
smoothing filter (step S6). 

If the image processing unit 20 determines that a smooth 
ing process is not be performed (S4: NO), it filters the specific 
area using an edge-preserving Smoothing filter (step S7), as 
well as determines whether to apply the result of such a 
filtering process (step S8). The edge-preserving Smoothing 
filter is selected from among the previously stored multiple 
edge-preserving Smoothing filters on the basis of the direction 
of the edge in the specific area, and the like. The image 
processing unit 20 makes this application determination on 
the basis of one or more criteria, that is, one or more of the 
amount of the edge component in the specific area, the change 
pattern of the pixel values in the specific area, the result of the 
smoothing in step S7, and the like. 

If the image processing unit 20 determines that the result of 
the filtering process performed using the edge-preserving 
smoothing filter is to be applied (S9: YES), it outputs, as the 
process result, the value of the target pixel filtered in this 
filtering process (step S10). If not so determined (S9:NO), the 
image processing unit 20 outputs the pixel value of the target 
pixel selected in step S1 (step S11). 
The image processing unit 20 generates an output image by 

repeatedly performing steps S1 to S11 described above on all 
the pixels of the input image. The value of each pixel in the 
output image generated is one of a pixel value obtained by 
filtering the value of the corresponding pixel in the input 
image using the smoothing filter, a pixel value obtained by 
filtering the value of the corresponding pixel using the edge 
preserving Smoothing filter, and the yet-to-be-Smoothed, 
pixel value (the same pixel value as that in the input image). 
Thus, the output image is obtained as an image in which 
stepwise noise Such as block noise has been eliminated or 
reduced from the input image. 
<1. Smoothing Determination Process.> 
<1-1. Outline of Process.> 

Next, the Smoothing determination process performed by 
the image processing unit 20 will be described. The smooth 
ing determination process is a process performed by the 
smoothing determination unit 22 in FIG. 2, in step S3 of FIG. 
3. FIG. 4 is a flowchart schematically showing the steps of the 
Smoothing determination process performed by the image 
processing unit 20. First, the image processing unit 20 makes 
a horizontal (transverse) determination (step S21) and a ver 
tical (longitudinal) determination (step S22) as to the specific 
area extracted from the input image. Thus, the image process 
ing unit 20 determines whether to smooth the target pixel in 
the specific area (step S23). If the image processing unit 20 
determines that the target pixel is not to be smoothed (S23: 
NO), the image processing unit 20 ends the Smoothing deter 
mination process. 

If the image processing unit 20 determines that the target 
pixel is to be smoothed (S23: YES), it determines whether 
there is a noise boundary extending horizontally or vertically 
in the specific area (step S24). 

If the image processing unit 20 determines that there is no 
horizontally or vertically extending noise boundary (S25: 
NO), it determines whether there is a noise boundary extend 
ing in any other direction in the specific area (step S26). 
Examples of a noise boundary extending in any other direc 
tion include noise boundaries extending diagonally in direc 
tions of 45°, 135°, and the like and noise boundaries extend 
ing horizontally or vertically in the specific area and having L, 
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T. cross, and other shapes. If the image processing unit 20 
determines that there is a noise boundary extending in any 
other direction (S26:YES), it ends the smoothing determina 
tion process. 
A specific area in which there is no noise boundary extend 

ing in any direction can be regarded as an area corresponding 
to an internal area of block noise. Accordingly, if the image 
processing unit 20 determines that there is no noise boundary 
extending in any other direction in the specific area (S26: 
NO), it determines whether the specific area has a predeter 
mined size (step S27). If the specific area does not have the 
predetermined size (S27: NO), the image processing unit 20 
expands the specific area (step S28) and returns to step S24 to 
re-determine the direction of a noise boundary. If the specific 
area has the predetermined size (S27. YES), the image pro 
cessing unit 20 ends the Smoothing determination process. 

If the image processing unit 20 determines that there is a 
noise boundary extending horizontally or vertically in the 
specific area (S25: YES), it determines the position of the 
noise boundary in the specific area (step S29), ending the 
Smoothing determination process. 
<1-2. Horizontal/Vertical Determination> 

FIG. 5 is a schematic diagram showing the horizontal 
determination process in step S21. The image processing unit 
20 selects one pixel as the target pixel in the input image and 
extracts a specific area 100 including the target pixel and 
having a predetermined size (5x5 pixels in the example 
shown in FIG.5). In FIG.5, the target pixel in the specific area 
100 is hatched. In the horizontal determination process, first, 
the image processing unit 20 calculates the first-order differ 
entials between the values of the horizontally adjacent pixels 
in the specific area 100 (that is, the differences between the 
values of the adjacent pixels). Thus, the image processing unit 
20 obtains a horizontal first-order differential matrix 101 
consisting of the 4x5 first-order differentials. The image pro 
cessing unit 20 then compares the absolute values of the 
first-order differentials in the horizontal first-order differen 
tial matrix 101 with a predetermined threshold to binarize the 
horizontal first-order differential matrix 101 (e.g., a first 
order differential whose absolute value is greater than or 
equal to the threshold is binarized into 1; a first-order differ 
ential whose absolute value is smaller than the threshold is 
binarized into 0). The image processing unit 20 then performs 
an OR operation on the horizontally arranged, binarized four 
first-order differentials, thereby obtaining a horizontal first 
order differential OR column 102 consisting of the five opera 
tion results. 
The image processing unit 20 also calculates the differen 

tials (i.e., second-order differentials) between the horizon 
tally adjacent first-order differentials in the horizontal first 
order differential matrix 101, thereby obtaining a horizontal 
second-order differential matrix 103 consisting of the 3x5 
second-order differentials. The image processing unit 20 then 
compares the absolute values of the second-order differen 
tials in the horizontal second-order differential matrix 103 
with a predetermined threshold to binarize the horizontal 
second-order differential matrix 103 (e.g., a second-order 
differential whose absolute value is greater than or equal to 
the threshold is binarized into 1; a second-order differential 
whose absolute value is smaller than the threshold is bina 
rized into 0). The image processing unit 20 then performs an 
OR operation on every three horizontally arranged, binarized 
second-order differentials, thereby obtaining a horizontal 
second-order differential OR column 104 consisting of the 
five operation results. The threshold for binarizing the first 
order differentials and the threshold for binarizing the sec 
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ond-order differentials may be the same or different. These 
thresholds are determined in the design stage of the display 
device 1 or other stages. 
The image processing unit 20 then performs an OR opera 

tion on the two values in each corresponding position 
between the horizontal first-order differential OR column 102 
and horizontal second-order differential OR column 104, 
thereby obtaining a horizontal OR column 105 consisting of 
the five operation results. The image processing unit 20 then 
performs an OR operation on the upper three values (i.e., the 
first to third values) in the horizontal OR column 105, thereby 
obtaining a horizontal upper OR value 106, and performs an 
OR operation on the lower three values (i.e., the third to fifth 
values) therein, thereby obtaining a horizontal lower OR 
value 107. The image processing unit 20 then performs an 
AND operation on the horizontal upper OR value 106 and 
horizontal lower OR value 107, thereby obtaining a horizon 
tal determination result 108. 

The horizontal determination result 108 thus obtained is 
one bit information, whose value is “0” or “1” The horizontal 
determination result 108 indicates whether the target pixel in 
the specific area 100 is included in a low-frequency compo 
nent block where changes in pixel value in the horizontal 
direction are constant and Small. A horizontal determination 
result 108 of “O'” indicates that the target pixel may be 
included in a low-frequency component block. In contrast, a 
horizontal determination result 108 of “1” indicates that the 
target pixel is not included in a low-frequency component 
block (that is, cannot act as block noise). 

FIG. 6 is a flowchart showing the steps of the horizontal 
determination process performed by the image processing 
unit 20. First, the image processing unit 20 calculates the 
first-order differentials between the horizontally adjacent 
pixels in the specific area 100 (step S31). The image process 
ing unit 20 then compares the absolute values of the calcu 
lated first-order differentials with the threshold to binarize the 
first-order differentials (step S32) and then performs an OR 
operation on the horizontally arranged, binarized first-order 
differentials in each row (step S33). The image processing 
unit 20 also calculates the second-order differentials between 
the horizontally adjacent ones of the first-order differentials 
obtained in step S31 (step S34). The image processing unit 20 
then compares the absolute values of the calculated second 
order differentials with the threshold to binarize the second 
order differentials (step S35) and then performs an OR opera 
tion on the horizontally arranged, binarized second-order 
differentials in each row (step S36). 
The image processing unit 20 then performs OR operations 

on the operation result in step S33 and operation result in step 
S36 in the corresponding positions, thereby obtaining mul 
tiple OR operation values (step S37). The image processing 
unit 20 then performs an OR operation on the upper half of the 
OR operation values (step S38) and performs an OR opera 
tion on the lower half thereof (step S39). The image process 
ing unit 20 then performs an AND operation on the operation 
result in step S38 and the operation result in step S39 (step 
S40), ending the horizontal determination process. 

FIG. 7 is a schematic diagram showing the vertical deter 
mination process in step S22. Note that the vertical determi 
nation process is approximately the same as the horizontal 
determination process except that it differs therefrom in the 
operation direction. In the vertical determination process, 
first, the image processing unit 20 calculates the first-order 
differentials between the values of the vertically adjacent 
pixels in the specific area 100, thereby obtaining a vertical 
first-order differential matrix 111 consisting of the 5x4 first 
order differentials. The image processing unit 20 then com 
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pares the absolute values of the first-order differentials in the 
vertical first-order differential matrix 111 with a predeter 
mined threshold to binarize the vertical first-order differential 
matrix 111. The image processing unit 20 then performs an 
OR operation on the vertically arranged, binarized four first 
order differentials in each column, thereby obtaining a verti 
cal first-order differential OR row 112 consisting of the five 
operation results. 
The image processing unit 20 also calculates the differen 

tials (i.e., second-order differentials) between the vertically 
adjacent first-order differentials in the vertical first-order dif 
ferential matrix 111, thereby obtaining a vertical second 
order differential matrix 113 consisting of the 3x5 second 
order differentials. The image processing unit 20 then 
compares the absolute values of the second-order differen 
tials in the vertical second-order differential matrix 113 with 
a predetermined threshold to binarize the vertical second 
order differential matrix 113. The image processing unit 20 
then performs an OR operation on the vertically arranged, 
binarized three second-order differentials in each column, 
thereby obtaining a vertical second-order differential OR row 
114 consisting of the five operation results. 
The image processing unit 20 then performs an OR opera 

tion on the two values in each corresponding position 
between the vertical first-order differential OR row 112 and 
vertical second-order differential OR row 114, thereby 
obtaining a vertical OR row 115 consisting of the five opera 
tion results. The image processing unit 20 then performs an 
OR operation on the upper three values in the vertical OR row 
115, obtaining a vertical upper OR value 116, as well as 
performs an OR operation on the lower three values therein, 
obtaining a vertical lower OR value 117. The image process 
ing unit 20 then performs an AND operation on the vertical 
upper OR value 116 and vertical lower OR value 117, thereby 
obtaining a vertical determination result 118. 
The vertical determination result 118 thus obtained is one 

bit information, whose value is “0” or “1” The vertical deter 
mination result 118 indicates whether the target pixel in the 
specific area 100 is included in a low-frequency component 
block where the changes in pixel value in the vertical direc 
tion are constant and small. When the value of the vertical 
determination result 118 is “0” this means that the target pixel 
may be included in a low-frequency component block. When 
the value of the horizontal determination result 108 is “0” and 
when the value of the vertical determination result 118 is "0. 
it can be determined that the target pixel is included in a 
low-frequency component block. When the value of the ver 
tical determination result 118 of “1,” this means that the target 
pixel is not included in a low-frequency component block. 

Note that the vertical determination process is approxi 
mately the same as the horizontal determination process and 
therefore a flowchart thereof is omitted. A flowchart showing 
the vertical determination process can be obtained by reading 
the term "horizontal in the flowchart of the horizontal deter 
mination process shown in FIG. 6 as “vertical.” 
The image processing unit 20 determines whether to 

smooth the target pixel in the specific area 100, on the basis of 
the horizontal determination result 108 obtained in the hori 
Zontal determination process and the vertical determination 
result 118 obtained in the vertical determination process. 
Specifically, if the value of the horizontal determination result 
108 is “0” and if the value of the vertical determination result 
118 is “0” the image processing unit 20 determines that the 
target pixel is to be Smoothed and performs the following 
process. In contrast, if the value of one of the horizontal 
determination result 108 or vertical determination result 118 
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is “1,” the image processing unit 20 determines that the target 
pixel is not to be Smoothed, ending the Smoothing determi 
nation process. 
<1-3. Noise Boundary Direction Determination Process> 

If the image processing unit 20 determines that the target 
pixel in the specific area 100 is to be smoothed, it determines 
the extending direction of the noise boundary in the specific 
area 100. FIG. 8 includes schematic diagrams showing the 
noise boundary direction determination process. In the noise 
boundary direction determination process, the image pro 
cessing unit 20 determines which of a horizontal pattern 
shown in FIG. 8A, a vertical pattern shown in FIG. 8B, an 
internal pattern shown in FIG. 8C, and other patterns shown in 
FIG. 8D represents the direction of a noise boundary in the 
specific area 100. The horizontal pattern of FIG. 8A is a 
pattern in which a noise boundary extends in the horizontal 
direction (transverse direction) of the specific area 100. The 
vertical pattern of FIG. 8B is a pattern in which a noise 
boundary extends in the vertical direction (longitudinal direc 
tion) of the specific area 100. The internal pattern of FIG. 8C 
is a pattern in which the specific area 100 includes no noise 
boundary but rather is the internal area of block noise. The 
patterns of FIG. 8D are examples of patterns other than those 
of FIGS 8A to 8C. 
The image processing unit 20 then determines the direction 

of a noise boundary using the data generated in the above 
Vertical and horizontal determination processes. Specifically, 
the image processing unit 20 uses the horizontal OR column 
105 generated in the horizontal determination process and the 
vertical OR row 115 generated in the vertical determination 
process. The image processing unit 20 determines whetherall 
the five values in the horizontal OR column 105 (more than 
five values if the specific area 100 is expanded) are "0. 
Similarly, the image processing unit 20 determines whether 
all the five values in the vertical OR row 115 are “O. If all the 
values in the horizontal OR column 105 are “0” the pixel 
value in the specific area 100 varies smoothly in the horizontal 
direction. If all the values in the vertical OR row 115 are “0” 
the pixel value in the specific area 100 varies smoothly in the 
vertical direction. 

If not all the values in the horizontal OR column 105 are 
“0” and if all the values in the vertical OR row 115 are “0” the 
image processing unit 20 determines that the noise boundary 
in the specific area 100 is the horizontal pattern of FIG. 8A. If 
all the values in the horizontal OR column 105 are “O'” and if 
not all the values in the vertical OR row 115 are “0” the image 
processing unit 20 determines that the noise boundary in the 
specific area 100 is the vertical pattern of FIG. 8B. If all the 
values in the horizontal OR column 105 are “O'” and if all the 
values in the vertical OR row 115 are “0” the image process 
ing unit 20 determines that the specific area 100 is the internal 
pattern of FIG. 8C (that is, the specific area 100 is an area 
Surrounded or sandwiched by or adjacent to the noise bound 
ary in the input image). If not all the values in the horizontal 
OR column 105 are “O'” and if not all the values in the vertical 
OR row 115 are “0” the image processing unit 20 determines 
that the noise boundary in the specific area 100 is one of the 
other patterns of FIG. 8D. 

If the image processing unit 20 determines in the noise 
boundary direction determination process that the specific 
area 100 is the internal pattern of FIG. 8C, it expands the 
specific area 100, for example, to 5x5 pixels, then to 7x7 
pixels, and then to 9x9 pixels, and the like. The image pro 
cessing unit 20 then calculates a horizontal OR column 105 
and a vertical OR row 115 with respect to the expanded 
specific area 100 in manners similar to those shown in FIGS. 
5 to 7. The image processing unit 20 then determines which of 
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the patterns shown in FIGS. 8A to 8D represents the direction 
of a noise boundary in the expanded specific area 100, on the 
basis of the calculated horizontal OR column 105 and vertical 
OR row 115. The image processing unit 20 expands the 
specific area 100 and repeats the above process until it deter 
mines that the noise boundary in the expanded specific area 
100 is the horizontal pattern of FIG. 8A, the vertical pattern of 
FIG. 8B, or any of the other patterns of FIG. 8D or until the 
size of the specific area 100 becomes a predetermined size 
(e.g., 9x9 pixels). When the specific area 100 reaches the 
predetermined size, the image processing unit 20 no longer 
expands the specific area 100, ending the Smoothing determi 
nation process. 
<1-4. Noise Boundary Position Determination Process.> 

If the direction of the noise boundary in the specific area 
100 is the horizontal pattern of FIG. 8A or the vertical pattern 
of FIG. 8B, the image processing unit 20 determines the 
position of the noise boundary in the specific area 100. FIG.9 
includes schematic diagrams showing the noise boundary 
position determination process and shows cases in which the 
noise boundary in the specific area 100 is a vertical pattern. 
The position of the vertical noise boundary in the specific area 
100 consisting of 5x5 pixels is one of four positions shown in 
FIGS. 9A to 9D. Note that the position determination process 
when the noise boundary is a horizontal pattern is approxi 
mately the same as that when the noise boundary is a vertical 
pattern and therefore will not be described. 
The image processing unit 20 then performs the noise 

boundary position determination process using the data gen 
erated in the above horizontal determination process. Specifi 
cally, the image processing unit 20 compares the horizontal 
second-order differential matrix 103 generated in the hori 
Zontal determination process with a threshold to binarize the 
horizontal second-order differential matrix 103 and then uses 
the obtained binarized horizontal second-order differential 
matrix 103a in the noise boundary position determination 
process. For example, if the noise boundary lies at the left 
edge of the specific area 100 as shown in FIG. 9A, the 3x5 
binarized horizontal second-order differential matrix 103a 
forms a pattern whose first column includes “1s' and whose 
second and third columns each include “Os.” If the noise 
boundary lies at a position which is in the center of the 
specific area 100 and is slightly closer to the left edge, as 
shown in FIG.9B, the 3x5 binarized horizontal second-order 
differential matrix 103a forms a pattern whose first and sec 
ond columns each include "1s' and whose third column 
includes “0s. If the noise boundary lies at a position which is 
in the center of the specific area 100 and is slightly closer to 
the right edge, as shown in FIG. 9C, the 3x5 binarized hori 
Zontal second-order differential matrix 103a forms a pattern 
whose second and third columns each include "1s' and whose 
first column includes “0s. If the noise boundary lies at the 
right edge of the specific area 100 as shown in FIG. 9D, the 
3x5 binarized horizontal second-order differential matrix 
103a forms a pattern whose third column includes “1s' and 
whose first and second columns each include “Os.” 

Accordingly, the image processing unit 20 can determine 
the position of the noise boundary in the specific area 100 by 
checking the disposition pattern of “Os' and “1s' included in 
the binarized horizontal second-order differential matrix 
103a generated based on the horizontal second-order differ 
ential matrix 103 generated in the horizontal determination 
process. The position of the horizontal noise boundary is also 
determined in a similar manner. The image processing unit 20 
can determine the position of the horizontal noise boundary in 
the specific area 100 by generating a binarized vertical sec 
ond-order differential matrix by comparing the vertical sec 
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ond-order differential matrix 113 generated in the vertical 
determination process with a threshold and then checking the 
disposition pattern of “Os' and “1s' in this binarized vertical 
second-order differential matrix. 
<2. Smoothing Process> 

If the image processing unit 20 determines in the above 
Smoothing determination process that the value of the target 
pixel in the specific area 100 is to be smoothed, it smoothes 
the pixel value. At this time, the image processing unit 20 
selects one of the multiple smoothing filters stored therein on 
the basis of the direction determined in the noise boundary 
direction determination process, the position determined in 
the noise boundary position determination process, and the 
like and then smoothes the pixel of the target pixel in the 
specific area 100 using the selected smoothing filter. 

FIGS. 10 and 11 include schematic diagrams each showing 
an example Smoothing filter. A Smoothing filter used to 
smooth the specific area 100 consisting of 5x5 pixels has a 
5x5 size. The image processing unit 20 uses, as the Smoothed 
value of the target pixel, a value A obtained by performing a 
matrix operation A=(a11xf1 1+a12xf12+ . . . +a55xf55)/ 
(fl 1+fl2+...+f55). In this matrix operation, aij (i=1 to 5.j=1 
to 5) represents the value of each pixel in the specific area; and 
fij (i-1 to 5, j=1 to 5) represents the value of smoothing filter 
corresponding to the each pixel. This operation method is also 
used infiltering processes using other filters (edge-preserving 
smoothing filter, Sobel filter, Laplacian filter, and the like) 
described below. 

FIG. 10A shows an example of a smoothing filter used 
when the noise boundary in the specific area 100 is a vertical 
pattern. In the smoothing filter of FIG. 10A, the five values in 
the third row are set to 1, and the values in the other rows are 
set to 0. Use of the smoothing filter of FIG. 10A allows for 
calculation of the average value between the target pixel and 
the four pixels on the left and right sides of the target pixel in 
the specific area 100. The image processing unit 20 then 
outputs the average value of the five pixels as the Smoothed 
target pixel. As seen above, the smoothing filter of FIG. 10A 
Smoothes the target pixel by calculating the average value of 
the pixels in a direction crossing the Vertical noise boundary. 
As with FIG. 10A, FIG. 10B shows an example of a 

Smoothing filter used when the noise boundary in the specific 
area 100 is a vertical pattern. Note that the smoothing filter of 
FIG. 10B further considers the position of the noise boundary 
and is used when the noise boundary at a position which is in 
the center of the specific area 100 and is slightly closer to the 
left edge, as shown in FIG.9B. In the smoothing filter of FIG. 
10B, the center value is set to 3, the value leftward adjacent 
thereto to 2, and the other values to 0. Use of the smoothing 
filter of FIG. 10B allows for calculation of the weighted 
average value between the target pixel and the pixel leftward 
adjacent thereto in the specific area 100. The image process 
ing unit 20 outputs this average value as the Smoothed target 
pixel. 

FIG. 10C shows an example of a smoothing filter used 
when the noise boundary in the specific area 100 is a hori 
Zontal pattern. In the smoothing filter of FIG. 10C, the five 
values in the third column are set to 1, and the values in the 
other columns are set to 0. Use of the smoothing filter of FIG. 
10C allows for calculation of the average value between the 
target pixel and the four pixels on the upper and lower sides of 
the target pixel in the specific area 100. The image processing 
unit 20 outputs the average value of the five pixels as the 
Smoothed target pixel. As seen above, the Smoothing filter of 
FIG. 10C smoothes the target pixel by calculating the average 
value of the pixels in a direction crossing the horizontal noise 
boundary. 
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FIG. 11D shows an example of a smoothing filter used 

when the noise boundary in the specific area 100 is any other 
pattern. In the smoothing filter of FIG. 11D, all the 5x5–25 
values are set to 1. Use of the smoothing filter of FIG. 11D 
allows for calculation of the average value of all the pixels in 
the specific area 100. The image processing unit 20 outputs 
this average value as the Smoothed target pixel. 

FIG. 11E shows an example of a smoothing filter used in a 
specific area 100 which includes no noise boundary when 
being 5x5 pixels but includes a noise boundary when 
expanded to 7x7 pixels. The smoothing filter of FIG. 11E is 
obtained by expanding the smoothing filter of FIG. 11D and 
is used when the noise boundary is any other pattern. Simi 
larly, the smoothing filters of FIGS. 10A to 10C can be 
expanded to a 7x7 size. Use of the smoothing filter of FIG. 
11E allows for calculation of the average value of all the 
pixels in the expanded specific area 100. The image process 
ing unit 20 outputs this average value as the Smoothed target 
pixel. 
As seen above, the image processing unit 20 selects a 

smoothing filter on the basis of the direction and position of 
the noise boundary, and the like, smoothes the value of the 
target pixel using the selected Smoothing filter, and outputs 
the smoothed pixel value. Note that the smoothing filters 
shown in FIGS. 10 and 11 are only illustrative. Further, the 
image processing unit 20 may be configured to determine the 
presence or absence of a noise boundary but not to determine 
the direction or position thereof and to, when it determines 
that the specific area 100 includes a noise boundary, filter the 
specific area 100 using the smoothing filters shown in FIG. 
11. 
<3. Edge-Preserving Smoothing> 
<3-1. Edge-Preserving Smoothing Filter> 

If the image processing unit 20 determines in the above 
Smoothing determination process that the value of the target 
pixel in the specific area 100 is not to be smoothed, it 
Smoothes the pixel of the target pixel using an edge-preserv 
ing Smoothing filter. Specifically, the image processing unit 
20 determines the direction of an edge component in the 
specific area 100, selects one of the multiple edge-preserving 
Smoothing filters stored in the image processing unit 20 on the 
basis of the determined direction of the edge component, and 
smoothes the value of the target pixel in the specific area 100 
using the selected edge-preserving Smoothing filter. 

FIGS. 12 to 14 include schematic diagrams each showing 
an example of an edge-preserving Smoothing filter. In the 
present embodiment, the image processing unit 20 deter 
mines which of eight directions, that is, the horizontal direc 
tion (0°), a diagonal direction of 45°, the vertical direction 
(90°), a diagonal direction of 135°, a diagonal direction of 
22.5°, a diagonal direction of 67.5°, a diagonal direction of 
112.5°, and a diagonal direction of 157.5° represents the 
direction of the edge component in the specific area 100 or 
determines whether the edge component has no direction. For 
this reason, the image processing unit 20 stores eight edge 
preserving Smoothing filters corresponding to the eight direc 
tions and an isotropic Smoothing filter corresponding to a 
no-direction determination, which is not of edge-preserving 
type. 
A filter shown in FIG. 12A is a smoothing filter which 

preserves a horizontal edge component. If the image process 
ing unit 20 determines that the direction of the edge compo 
nent in the specific area 100 is horizontal, it performs a 
smoothing process using the filter of FIG. 12A. By perform 
ing a filtering process using the filter of FIG. 12A, the image 
processing unit 20 calculates the weighted average value 
between the value of the target pixel and the values of the four 
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pixels on the left and right sides of the target pixel along the example, if x=10°, then C=(10-0)/(22.5-0)=0.44. For 
direction of the edge component in the specific area 100. For example, if x=75°, then C=(75-67.5)/(90-67.5)=0.33. That is, 
weighting, larger weights are assigned to the values of pixels C. can be determined as (X-m)/(n-m) where max<n. 
closer to the target pixel. The image processing unit 20 out- <3-2. Edge Direction Determination> 
puts the calculated average value as the Smoothed target pixel. 5 (a) Edge Strength Calculation Process 
A filter shown in FIG. 12B is a smoothing filter for pre- To select one of these multiple edge-preserving Smoothing 

serving an edge component in a diagonal direction of 45° and filters, the image processing unit 20 has to determine the 
can calculate the weighted average value between the value of direction of the edge component in the specific area 100. For 
the target pixel and the values of the four pixels located in a example, the image processing unit 20 may determine the 
diagonal direction of 45° with respect thereto. Similarly, a 10 direction of the edge component by performing filtering using 
filter shown in FIG. 12C is a smoothing filter for preserving an a Sobel filter. FIG. 15 includes schematic diagrams each 
edge component in the vertical (90) direction. A filter shown showing an example of a Sobel filter for determining the 
in FIG. 12D is a smoothing filter for preserving an edge direction. The image processing unit 20 determines which of 
component in a diagonal direction of 135°. the four directions, that is, the horizontal direction (0°), a 
A filter shown in FIG. 13E is a smoothing filter for pre- 15 diagonal direction of 45°, the vertically direction (90°), and a 

serving an edge component in a diagonal direction of 22.5° diagonal direction of 135° represents the direction of the edge 
and can calculate the weighted average value between the component, by using four Sobel filters shown in FIGS. 15A to 
value of the target pixel and the values of the six pixels located 15D corresponding to the respective directions. 
in a diagonal direction of 22.5° with respect thereto. Simi- The Sobel filters shown in FIGS. 15A to 15D are 3x3 
larly, a filter shown in FIG. 13F is a smoothing filter for 20 matrixes and are used to determine the strength of an edge 
preserving an edge component in a diagonal direction of component in a direction perpendicular to the arrangement 
67.5°. A filter shown in FIG. 13G is a smoothing filter for direction of the elements whose value is set to 0. The image 
preserving an edge component in a diagonal direction of processing unit 20 calculates the strength of the edge compo 
112.5°. A filter shown in FIG. 13H is a smoothing filter for nent by filtering the 3x3 area centered on the target pixel in the 
preserving an edge component in a diagonal direction of 25 specific area 100 using the Sobel filters shown in FIGS. 15A 
157.50. to 15D (Note that the calculated value having an absolute 
A smoothing filter shown in FIG. 14 is used when it is value closer to 0 indicates stronger edge-component 

determined that the direction of the edge component in the strength.) 
specific area 100 does not correspond to any of the above As described above, the image processing unit 20 uses, as 
eight directions. This Smoothing filter can assign weights to 30 edge-preserving Smoothing filters, the four filters corre 
the values of all the pixels in the specific area 100 on the basis sponding to 0°, 45°, 90°, and 135°, as well as the four filters 
of the distances from the target pixel and calculate the average corresponding to 22.5°, 67.5°, 112.5° and 157.5°. For this 
value among the resulting values. reason, the image processing unit 20 has to acquire the 

Based on the edge-preserving Smoothing filters corre- strengths of edge components in directions of 22.5°, 67.5°. 
sponding to the eight directions shown in FIGS. 12 and 13, a 35 112.5°, and 157.5°. By using one of two methods described 
Smoothing filter X that preserves an edge in a direction of any below (or using a combination thereof), the image processing 
anglex (0-3-180°) can be generated using formulas below. unit 20 calculates or estimates the strengths of the edge com 
In those formulas. A represents the 0°-direction edge-pre- ponents in the directions of 22.5°, 67.5°, 112.5°, and 157.5°. 
serving smoothing filter shown in FIG. 12A, B represents the A first method for acquiring the strength of an edge com 
45°-direction edge-preserving smoothing filter shown in FIG. 40 ponent includes previously storing four basic Sobel filters 
12B, C represents the 90°-direction edge-preserving smooth- corresponding to 0°, 45°, 90°, and 135°, as well as four 
ing filter shown in FIGS. 12C, and D represents the 135°- expanded Sobel filters corresponding to 22.5, 67.5°, 112.5°. 
direction edge-preserving Smoothing filter shown in FIG. and 157.5° and calculating the strengths of the edge compo 
12D, E represents the 22.5°-direction edge-preserving nents using the eight Sobel filters. 
smoothing filter shown in FIG. 13E, F represents the 67.5°- 45 An expanded Sobel filter X corresponding to any angle X 
direction edge-preserving Smoothing filter shown in FIG. rad can be calculated using Formulas (1) to (4) below. Note 
13F, G represents the 112.5°-direction edge-preserving that 0<x<t. In those formulas. A represents a basic Sobel 
smoothing filter shown in FIGS. 13G, and H represents the filter corresponding to an angle 0 (0°), B represents a basic 
157.5°-direction edge-preserving smoothing filter shown in Sobel filter corresponding to an angle) L/4(45°), C represents 
FIG. 13H. 50 a basic Sobel filter corresponding to an angle JL/2 (90°), and D 

represents a basic Sobel filter corresponding to an angle 37L/4) <x<22.5°, then X-FCLA--(1- 0<x<22.5°, then X-CA+(1-C)E (135°. A Sobel filter corresponding to an angle at (180°) can 
22.5°Kx<45, then X=CE+(1-C)B be obtained by inverting the sign of the basic Sobel filter 

corresponding to the angle 0 and therefore is represented by 

In the above formulas, a represents an coefficient depend 
65 ing on the angle X and being more than 0 and less than 1. For 

In the above formulas, a represents a coefficient depending example, if x=TL/8, then C=1/2. For example, if x=TL/6, then 
on an angle X and being more than 0 and less than 1. For C=2/3. That is, when 0<x<L/4, the coefficient C. can be deter 
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mined based on the ratio between the difference between the 
angle X of the Sobel filter X to be calculated and the angle O 
and the difference between the angle x and JL/4. The same 
applies to the other angle ranges. When m3{<n, a can be 
determined as (X-m)/(n-m). 

Further, based on Formulas (1) to (4) above, a 3x3 Sobel 
filter for calculating the strength of an edge component in a 
direction of any angle X rad can be generated using Formu 
las (5) to (8) below. Note that 0<x<L. 

(a) When Os y < 
-a o y (5) 

4. -p3 0 p3 where a = 1 -, 
t 

-y -d a 
4x 4x 4x 

p3 = 2 - -, y = 1 + -, and d = - 
t t t 

b) When is y < (b) en s y < 5 

6 y É (6) 
4x 

-a 0 a where a = 2 - - - 
t 

-p3 -y -d 

4x 4x 4x 
p3 = 3 - -, y = -, and d = - - 1 

t t t 

Wh it 37 (c) ens six < 

y B a (7) 
4x 

d O -d where a = 3 - - - 
t 

-a, -p3 -y 

4 4x 4x 1. and d 4x 2 
p3 = – , y = - , all - - 

37 
(d) When is y < it 
p3 a -d (8) 

4x 
y O -y where a = 4 - - - 

t 
d -a -p3 

4x 4x 4x 
p3 = 5 - -, y = - -2, and d = - -3 

t t t 

Use of Formulas (5) to (8) above allows for generation of 
expanded Sobel filters corresponding to 22.5, 67.5°, 112.5°. 
and 157.5°. Use of Formulas (5) to (8) above also allows for 
generation of the basic Sobel filters shown in FIGS. 15A to 
1SD. 

For a Sobel filter corresponding to the diagonal direction of 
22.5° (x=TL/8), for example, C-1/2, B=3/2, Y=3/2, and 8-1/2 
are obtained from a matrix (a) in Formula (5) above. A com 
parison between the Sobel filter corresponding to 0° shown in 
FIG. 15A and the Sobel filter corresponding to 45° shown in 
FIG. 15C reveals that the values in the Sobel filter corre 
sponding to 45° are values obtained by rotating the values in 
the Sobel filter corresponding to 0° by 45 degrees. Similarly, 
the values in the Sobel filter corresponding to 22.5° calculated 
using the above formula are values obtained by rotating the 
values in the Sobel filter corresponding to 0° by 22.5° 
degrees. Further, each value in the Sobel filter corresponding 
to 22.5° is the average value of the corresponding values in the 
Sobel filters corresponding to 0° and 45°. 

According to the first method for acquiring the strength of 
an edge component, the image processing unit 20 previously 
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30 
stores the four basic Sobel filters and four expanded Sobel 
filters and then calculates the edge strengths using the eight 
Sobel filters. Thus, the image processing unit 20 can calculate 
the strengths of the edge components in the eight directions 
and can select one of the edge-preserving Smoothing filters 
shown in FIGS. 12 and 13 on the basis of the calculated 
strengths. As seen above, the image processing unit 20 may 
store the Sobel filters corresponding to the angles to which the 
stored edge-preserving Smoothing filters correspond. (In this 
case, the image processing unit 20 can determine which of the 
Smoothing filters should be used, on the basis of the strengths 
of the edge components calculated using the respective Sobel 
filters and therefore does not have to perform the (b) edge 
strength estimation process described below.) 
On the other hand, according to a second method for 

acquiring the strength of an edge component, the image pro 
cessing unit 20 stores the four Sobel filters shown in FIGS. 
15A to 15D but does not have to Store the Sobel filters corre 
sponding to the diagonal directions of 22.5, 67.5°, 112.5°. 
and 157.5°. In this method, the image processing unit 20 
calculates the strengths of edge components in directions of 
angles with respect to which the image processing unit 20 
does not store corresponding Sobel filters, in the (b) edge 
strength estimation process described below. 
(b) Edge Strength Estimation Process 

If the number of stored Sobel filters is smaller than the 
number of stored edge-preserving Smoothing filters, the 
image processing unit 20 estimates the strengths of edge 
components in directions with respect to which the image 
processing unit 20 cannot calculate using the stored Sobel 
filters. The image processing unit 20 estimates the strengths 
of the edge components in such directions on the basis of the 
strengths of the multiple edge components calculated in the 
(a) edge strength calculation process. 

FIG. 16 is a graph showing an example of the correspon 
dence between the value (absolute value) calculated by the 
Sobel filter and the angle. In the graph shown in FIG. 16, the 
lateral axis represents the angle, and the longitudinal axis 
represents the absolute value of the strength of the edge 
component calculated by the Sobel filter. As shown in FIG. 
16, if the edge component depends on the direction, the abso 
lute value of the strength calculated using the Sobel filter 
varies in a manner having maximum and minimum values. 
The image processing unit 20 of the display device 1 of the 
present embodiment performs interpolation on the basis of 
the strengths of the edge components in the four directions of 
0°, 45°, 90°, and 135° calculated by the four Sobel filters 
shown in FIG. 15. Thus, the image processing unit 20 esti 
mates the strengths of the edge components in the other 
directions. 

FIG. 17 is a schematic diagram showing the interpolation 
process for estimating the strengths. Points shown by black 
circles in FIG. 17 represent the strengths calculated in the 
filtering processes using the Sobel filters. Specifically, the 
points consist of four points: A1 (X1.Y1), A2 (X2.Y2), A3 
(X3.Y3), and A4 (X4.Y4). A point C (Xi.Yi) shown by a 
hatched circle in FIG. 17 is a point indicating the strength 
estimated based on A1 to A4 and lies between the points A2 
and A3. It is assumed that the ratio between the distance from 
the coordinate X2 to a coordinate Xiand the distance from the 
coordinate Xi to the coordinate X3 is r. 1-r (0<r<1). 
A point B13 shown by a white circle in FIG. 17 is a point 

having the coordinate X2 linearly interpolated between the 
points A1 and A3. Similarly, a point B24 is a point having the 
coordinate X3 linearly interpolated between the points A2 
and A4. A point B23 is a point having the coordinate Xi 
linearly interpolated between the points A2 and A3. The dis 
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tance between the points A2 and B13 (the difference in Y 
coordinate between both points) is defined as AC, and the 
distance between the points A3 and B24 is defined as AB. 
Similarly, the distance between the points B23 and C is 
defined as A. 

Based on these, an estimated coordinate Yi of the point C 
can be represented by Formula (11) below. 

Further, A in Formula (11) above can be represented by 
Formula (12) below. 

Further, A.C. and AB can be represented by Formulas (13) 
and (14) below, respectively. 

Specifically, the point C to be calculated is a point obtained 
by adding, to the point (point B23) linearly interpolated 
between the adjacent points (points A2 and A3), an average 
value (A) calculated by weighting the respective errors (AC. 
and AB) of the points (point B13 and point B24) each inter 
polated between adjacent two points using the distant two 
points (points A1 and A4). 

Formulas (11) to (14) above are applied to the strengths of 
the edge components calculated using the Sobel filters. The 
strengths (absolute values) of the edge components calcu 
lated using the Smoothing filters corresponding to 0°, 45°, 
90°, and 135° shown in FIG. 15 are represented by a, b, c, and 
d, respectively, and the estimated strength (absolute value) of 
the edge component corresponding to 22.5° is represented by 
e. Since the absolute value of the strength is used in the 
present embodiment, the strength of the edge component 
corresponding to 135 can be regarded as the strength corre 
sponding to -45°. 

Accordingly, the points A1 to A4 shown in FIG. 17 have the 
following coordinates. 
A1 (135°,d) 
A2 (0°,a) 
A3 (45°,b) 
A4 (90°,c) 
C (22.5°,e) 
In this case, r=1/2. 
By substituting these values into Formulas (11) to (14), 

Formula (21) below is obtained. 

Similarly, Formulas (22) to (24) below are obtained. 
f={3x(b+c)-(d+a)}/4 (22) 

g={3x (c+d)-(a+b)}/4 (23) 

h={3x(d+a)-(b+c) /4 (24) 
In these formulas, frepresents the strength of the edge 

component corresponding to 67.5°; g represents the strength 
of the edge component corresponding to 112.5°; and h rep 
resents the strength of the edge component corresponding to 
157.50. 

Accordingly, the image processing unit 20 can estimate the 
strengths e to h of the edge components in the other directions 
which cannot be calculated using the Sobel filters, on the 
basis of the strengths a to d of the edge components calculated 
using the four Sobel filters shown in FIG. 15 and Formulas 
(21) to (24) above. 
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(c) Edge Direction Determination Process 
The image processing unit 20 calculates the strengths of 

the edge components in the eight directions using the four 
basic Sobel filters and the four expanded Sobel filters (first 
method). Alternatively, the image processing unit 20 calcu 
lates the strengths of the edge components in the respective 
directions using the four Sobel filters of FIGS. 15A to 15D, as 
well as estimates the strengths of the edge components in the 
other directions (second method). The image processing unit 
20 makes comparison among the calculated or estimated 
strengths of the multiple edge components and determines a 
direction having the highest strength (having the Smallest of 
the absolute values of the calculated values), as the direction 
of the edge component in the specific area 100. The image 
processing unit 20 then reads an edge-preserving Smoothing 
filter corresponding to the determined direction (see FIGS. 12 
and 13) and filters the specific area 100 using the read edge 
preserving Smoothing filter to Smooth the pixel of the target 
pixel. 

However, for example, if the specific area 100 is an image 
including one dot-texture, one dot-width thin line, or the like, 
it is difficult to calculate the strengths of the edge components 
using the Sobel filters and to determine the direction of the 
edge component on the basis of the calculated strengths. FIG. 
18 is a graph showing an example of the correspondence 
between the strength (absolute value) calculated by the Sobel 
filter and the angle. In the graph shown in FIG. 18, the lateral 
axis represents the angle, and the longitudinal axis repre 
sents the absolute value of the strength of the edge component 
calculated by the Sobel filter. An example shown in FIG. 18 
shows the result of an operation performed on an image 
including one dot-texture, one dot-width thin line, or the like 
using a Sobel filter 
As shown in FIG. 18, if the specific area 100 is an image 

including one dot-texture, one dot width thin line, or the like, 
the strength of the edge component calculated using the Sobel 
filter varies with the angle to a lesser extent. For this reason, 
the image processing unit 20 selects the largest and Smallest 
of the absolute values of the calculated strengths of the edge 
components and the absolute values of the strengths of the 
edge components estimated from these absolute values and 
calculates the difference therebetween. If the calculated dif 
ference does not exceed a threshold, the image processing 
unit 20 regards the specific area 100 as an image having no 
direction and smoothes the specific area 100 using the isotro 
pic smoothing filter shown in FIG. 14. 

FIG. 19 is a flowchart showing the steps of the edge 
preserving smoothing process performed in step S7 of FIG.3. 
In the edge-preserving Smoothing process, first, the image 
processing unit 20 reads the multiple Sobel filters previously 
stored in memory or the like (step S51). The image processing 
unit 20 then filters the specific area 100 using the Sobel filters 
to calculate the strengths of the edge components in the 
respective directions (step S52). 
The image processing unit 20 then estimates the strengths 

of the edge components in the other directions on the basis of 
the calculated strengths of the multiple edge components 
(step S53). The image processing unit 20 then calculates the 
difference between the largest and smallest of the absolute 
values of the strengths calculated in step S52 and the absolute 
values of the strengths estimated in step S53 (step S54). It 
then determines whether the calculated difference exceeds 
the threshold (step S55). 

If the difference exceeds the threshold (S55: YES), the 
image processing unit 20 determines the largest (the Smallest 
absolute value) of the strengths calculated in step S52 and the 
strengths estimated in step S53 to determine the direction of 
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the edge component in the specific area 100 (step S56). The 
image processing unit 20 then reads an edge-preserving 
Smoothing filter corresponding to the determined direction of 
the edge component (step S57). 

If the difference does not exceed the threshold (S55: NO), 
the image processing unit 20 determines that the edge com 
ponent in the specific area 100 has no direction and reads an 
isotropic Smoothing filter rather than an edge-preserving 
smoothing filter (step S58). 
The image processing unit 20 then filters the specific area 

100 using the smoothing filter read in step S57 or S58 to 
smooth the target pixel (step S59), ending the process. 
<4. Application Determination> 
As described above, if the image processing unit 20 deter 

mines in the Smoothing determination process that a Smooth 
ing process is not to be performed, it performs a Smoothing 
process using an edge-preserving Smoothing filter. Typically, 
an edge-preserving Smoothing filter is used to filter an area 
including a high-frequency component to Some extent. How 
ever, for example, if an image including a clear edge, pattern, 
or the like is filtered using an edge-preserving Smoothing 
filter, the image quality may be degraded. For this reason, the 
image processing unit 20 determines whether to apply the 
result of the Smoothing process using the edge-preserving 
smoothing filter, on the basis of one or more criteria. Hereaf 
ter, three example determination criteria will be described. 
(1) Edge Amount Determination 

For example, the image processing unit 20 calculates the 
amount (strength) of the edge component in the specific area 
100, and if the calculated amount of the edge is smaller than 
a threshold, it determines that the result of the smoothing 
process using the edge-preserving Smoothing filter is to be 
applied. Accordingly, if the amount of the edge is greater than 
the threshold, Smoothing is not performed. Thus, degradation 
of the image quality due to Smoothing of an image including 
a clear edge, pattern, or the like is prevented. The amount of 
the edge in the specific area 100 can be calculated using, for 
example, a Laplacian filter. 

FIG. 20 is a schematic diagram showing the determination 
of the amount of the edge using a Laplacian filter. The image 
processing unit 20 performs an edge amount determination 
process using a previously stored Laplacian filter 121. In an 
example shown in FIG. 20, the Laplacian filter 121 is a 3x3 
matrix, the center value is set to 8, and all the values adjacent 
thereto are set to -1. 

The image processing unit 20 extracts 3x3 subareas 100a 
to 100i from the specific area 100, which is a 5x5 matrix. The 
3x3 Subareas 100a to 100i can be extracted from the 5x5 
matrix in nine ways. The image processing unit 20 then filters 
the extracted subareas 100a to 100i using the Laplacian filter 
121, thereby calculating nine values A to I as the process 
results. The image processing unit 20 then calculates the Sum 
of the absolute values of the values A to I as an evaluation 
value S (that is, S=|A|+|B+...+III). 
The evaluation value S calculated represents the amount of 

the edge component in the specific area 100. The image 
processing unit 20 then determines whether the evaluation 
value S exceeds a threshold. If the evaluation value S does not 
exceed the threshold, the image processing unit 20 deter 
mines that the result of the Smoothing process using the 
edge-preserving Smoothing filter is to be applied. In contrast, 
if the evaluation value S exceeds the threshold, the image 
processing unit 20 determines that the result of the Smoothing 
process using the edge-preserving Smoothing filter is not to be 
applied. 
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(2) Texture Determination 
When a pixel-based, fine texture image or the like is 

Smoothed, the texture may collapse, resulting in degradation 
of the image quality. For this reason, the image processing 
unit 20 may be configured as follows: it determines whether 
the image is a texture image, on the basis of the pixel value 
change characteristics or the like of the specific area 100; if 
the image is not a texture image, it determines that the result 
of the Smoothing process is to be applied; and if the image is 
a texture image, it determines that the result of the Smoothing 
process is not to be applied. 

For example, the image processing unit 20 calculates the 
vibration frequency of the pixels (the increase/decrease fre 
quency of the pixel values) in the specific area 100 and deter 
mines whether to apply the result of the Smoothing process 
using the edge-preserving Smoothing filter, on the basis of the 
vibration frequency. FIGS. 21 and 22 include schematic dia 
grams showing an application determination based on the 
vibration frequency. As shown in FIGS. 21A to 22D, the 
image processing unit 20 calculates the vibration frequencies 
with respect to four directions in the specific area 100, that is, 
the horizontal direction, the vertical direction, the diagonal 
direction of 45°, and the diagonal direction of 135°. 
As shown in FIG. 21A, the image processing unit 20 cal 

culates the differences between the values of the horizontally 
adjacent pixels in the 5x5 specific area 100 and generates a 
4x5 matrix consisting of the calculated differences. At this 
time, the image processing unit 20 sets, to 0, the matrix values 
corresponding to the differences Smaller than or equal to a 
threshold. 
The image processing unit 20 then checks the signs (posi 

tive, negative, or 0) of the horizontally adjacent values in the 
4x5 matrix and assigns points to the sets of adjacent values. 
Specifically, if a set of adjacent values have different signs or 
if one value of a set of adjacent values is 0 and the other value 
is not 0, the image processing unit 20 assigns one point to this 
set. The image processing unit 20 assigns points to all the sets 
of the horizontally adjacent values in the 4x5 matrix in this 
manner, that is, it assigns points to 3x5–15 sets of horizon 
tally adjacent values. The image processing unit 20 then 
calculates the Sum of the points assigned to the 15 sets and 
defines the triple of the sum as the horizontal vibration fre 
quency A. The reason why the Sum is tripled and the resulting 
value is defined as the vibration frequency A is that the num 
ber of sets which are assigned points in the operations with 
respect to the diagonal directions of 45° and 135° (to be 
discussed later) is as Small as nine and therefore the Sum is 
weighted based on the number of sets to normalize the vibra 
tion frequency. 

Similarly, as shown in FIG.21B, the image processing unit 
20 generates a 5x4 matrix consisting of the differences 
between the values of the vertically adjacent pixels in the 
specific area 100 (sets, to 0, the matrix values corresponding 
to the differences smaller than or equal to a threshold). The 
image processing unit 20 assigns points to 5x3–15 sets of the 
vertically adjacent values in the 5x4 matrix on the basis of the 
signs of the vertically adjacent values. The image processing 
unit 20 then calculates the sum of the points assigned to the 15 
sets and defines the triple of the sum as the vertical vibration 
frequency B. 
As shown in FIG. 22C, the image processing unit 20 gen 

erates a 4x4 matrix consisting of the differences between the 
values of the adjacent pixels in the diagonal direction of 45° 
in the specific area 100 (sets, to 0, the matrix values corre 
sponding to the differences Smaller than or equal to a thresh 
old). The image processing unit 20 assigns points to 3x3-9 
sets of the adjacent values in the diagonal direction of 45° in 
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the 4x4 matrix on the basis of the signs of the adjacent values. 
The image processing unit 20 then calculates the Sum of the 
points assigned to the 9 sets and defines the quintuple of the 
Sum as the 45' diagonal vibration frequency C. 
As shown in FIG. 22D, the image processing unit 20 gen 

erates a 4x4 matrix consisting of the differences between the 
values of the adjacent pixels in the diagonal direction of 135° 
in the specific area 100 (sets, to 0, the matrix values corre 
sponding to the differences Smaller than or equal to a thresh 
old). The image processing unit 20 assigns points to the 
3x3-9 sets of the adjacent values in the diagonal direction of 
135° in the 4x4 matrix on the basis of the signs of the adjacent 
values. The image processing unit 20 then calculates the Sum 
of the points assigned to the 9 sets and defines the quintuple of 
the sum as the 135° diagonal vibration frequency C. 

The image processing unit 20 selects the lowest of the 
calculated four vibration frequencies A to D and determines 
whether the lowest frequency exceeds a threshold. If the 
lowest of the vibration frequencies A to D does not exceed the 
threshold, the image processing unit 20 determines that the 
result of the Smoothing process using the edge-preserving 
smoothing filter is to be applied. In contrast, if the lowest of 
the vibration frequencies A to D exceeds the threshold, the 
image processing unit 20 determines that the result of the 
Smoothing process using the edge-preserving Smoothing fil 
ter is not to be applied. 
(3) Pixel Value Variation Amount Determination 

For example, the image processing unit 20 may be config 
ured to determine whether to apply the result of the smoothing 
process using the edge-preserving Smoothing filter, on the 
basis of the amount of variation of the value of the target pixel 
in such smoothing. Specifically, the image processing unit 20 
calculates the difference between the yet-to-be-smoothed 
value of the target pixel (that is, the pixel value in the input 
image) and the Smoothed value of the target pixel and, if this 
difference does not exceed a threshold, it determines that the 
result of such smoothing is to be applied; and if the difference 
exceeds the threshold, it determines that the result of such 
Smoothing is not to be applied. Thus, a significant change in 
the value of the target pixel due to Such smoothing process can 
be prevented. 

The image processing unit 20 determines whether to apply 
the result of the Smoothing process using the edge-preserving 
smoothing filter, on the basis of the above determinations (1) 
to (3). Specifically, if the image processing unit 20 determines 
in all the above determinations (1) to (3) that the result of the 
Smoothing process using the edge-preserving Smoothing fil 
ter is to be applied, it applies the result of such smoothing. If 
the image processing unit 20 determines in any of the crite 
rion determinations (1) to (3) above that the result of the 
Smoothing process using the edge-preserving Smoothing fil 
ter is not to be applied, it does not apply the result of such 
Smoothing. Alternatively, the image processing unit 20 may 
be configured to make not all but one or two of the above three 
determinations (1) to (3). The image processing unit 20 may 
also be configured to make an application determination on 
the basis of a different determination from the above deter 
minations (1) to (3). 

In the present embodiment, as an example, the image pro 
cessing unit 20 is configured to perform a smoothing process 
using an edge-preserving Smoothing filter and to Subse 
quently determine whether to apply the result of such smooth 
ing, as shown in the flowchart of FIG. 3, other configurations 
may be used. Instead of making a determination in which the 
result of the Smoothing process is referred to. Such as the 
determination (3), the image processing unit 20 may be con 
figured to first make an application determination and to then 
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perform a Smoothing process using an edge-preserving 
Smoothing filter on the basis of the application determination. 

FIGS. 23 and 24 are flowcharts showing the steps of the 
application determination process performed in step S8 of 
FIG. 3. First, the image processing unit 20 determines the 
amount of the edge. The image processing unit 20 then 
extracts one of the 3x3 Subareas 100a to 100i from the 5x5 
specific area 100 (step S71) and filters the extracted Subarea 
using the Laplacian filter 121 (step S72). The image process 
ing unit 20 determines whether it has completed extraction of 
all the subareas 100a to 100i and filtering of the extracted 
subareas using the Laplacian filter 121 (step S73). If the 
image processing unit 20 has not performed these processes 
on all the subareas 100a to 100i (S73: NO), the image pro 
cessing unit 20 returns to step S71 to extract the remaining 
subareas 100a to 100i and filter the extracted subareas using 
the Laplacian filter 121. 

If the image processing unit 20 has completed extraction 
and filtering of all the subareas 100a to 100i (S73: YES), it 
calculates the sum of the absolute values of the multiple 
values calculated in the filtering processes (step S74) and 
defines the Sum as the evaluation value S. The image process 
ing unit 20 then determines whether the evaluation value S is 
smaller than the threshold (step S75). If the evaluation value 
S is greater than or equal to the threshold (S75: NO), the 
image processing unit 20 determines that the result of the 
edge-preserving Smoothing process is not to be applied (step 
S85), ending the application determination process. 

If the evaluation value S is smaller than the threshold (S75: 
YES), the image processing unit 20 makes a texture determi 
nation. The image processing unit 20 then calculates the 
differences between the values of the adjacent pixels in one 
direction in the specific area 100 (step S76). The image pro 
cessing unit 20 then assigns points to a matrix consisting of 
the calculated differences on the basis of the signs of the 
adjacent differences in the one direction (step S77). The 
image processing unit 20 then calculates the Sum of the 
assigned points, as well as multiplies the calculated Sum by a 
predetermined factor for normalization (step S78) and defines 
the normalized value as the vibration frequency with respect 
to this direction. The image processing unit 20 then deter 
mines whether steps S76 to S78 have been performed with 
respect to all the directions (step S79). If not so determined 
(S79:NO), the image processing unit 20 returns to step S76 to 
perform these steps with respect to the remaining directions. 

If steps S76 to S78 have been performed with respect to all 
the directions (S79: YES), the image processing unit 20 
selects the lowest of the vibration frequencies calculated with 
respect to the respective directions (step S80) and determines 
whether the lowest vibration frequency is lower than the 
threshold (step S81). If the lowest vibration frequency is 
higher than or equal to the threshold (S81: NO), the image 
processing unit 20 determines that the result of the edge 
preserving Smoothing is not to be applied (step S85), ending 
the application determination process. 

In contrast, if the lowest vibration frequency is lower than 
the threshold (S81:YES), the image processing unit 20 makes 
a determination as to the amount of variation of the pixel 
value. Specifically, the image processing unit 20 calculates 
the amount of variation (difference) of the value of the target 
pixel before and after the Smoothing process using the edge 
preserving Smoothing filter (step S82) and determines 
whether the calculated amount of variation is smaller than a 
threshold (step S83). If so determined (S83:YES), the image 
processing unit 20 determines that the result of the edge 
preserving Smoothing is to be applied (step S84), ending the 
application determination process. In contrast, if not so deter 
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mined (S83: NO), the image processing unit 20 determines 
that the result of the edge-preserving Smoothing is not to be 
applied (step S85), ending the application determination pro 
CCSS, 

As seen above, the display device 1 of the present embodi 
ment extracts the specific area 100 including the target pixel 
from the input image and determines whether to Smooth the 
target pixel in the specific area 100. If so determined, the 
display device 1 filters the target pixel using a Smoothing filter 
to smooth it. If not so determined, the display device 1 filters 
the target pixel using an edge-preserving Smoothing filter to 
smooth it. At this time, the display device 1 determines 
whether to apply the result of the Smoothing process using the 
edge-preserving Smoothing filter, on the basis of the pixel 
values in the specific area 100, the result of such smoothing, 
and the like. Thus, the display device 1 can output, as the 
value of the target pixel in the input image, one of the pixel 
value Smoothed using the Smoothing filter, the pixel value 
Smoothed using the edge-preserving Smoothing filter, and the 
yet-to-be-smoothed pixel value. The display device 1 can 
generate and display an output image in which each pixel has 
been smoothed in a manner suitable for the pixel, by perform 
ing the above process with respect to all the pixels in the input 
image. 
The display device 1 also calculates the differentials 

between the values of the pixels in the specific area 100 and 
determines whether to smooth the target pixel in the specific 
area 100, on the basis of the calculated differentials. If so 
determined, the display device 1 determines the direction and 
position of the noise boundary in the specific area 100. Thus, 
the display device 1 can Smooth the target pixel in a manner 
suitable for the direction and position of the noise boundary in 
the specific area 100 to accurately eliminate or reduce the 
noise in the input image. 

If the direction of the noise boundary in the specific area 
100 is not any of the horizontal pattern, the vertical pattern, 
and the other patterns (that is, if there is no noise boundary in 
the specific area 100), the display device 1 expands the size of 
the specific area 100 and then makes the above determination. 
It repeats this process until it detects a noise boundary in one 
of the above patterns or until the specific area 100 becomes 
the predetermined size. Thus, the display device 1 can accu 
rately detect block noises having various sizes and eliminate 
or reduce them. 
The display device 1 also calculates the first- and second 

order differentials between the values of the adjacent pixels in 
the specific area 100 to determine whether to smooth the 
target pixel in the specific area 100. At this time, the display 
device 1 compares the first-order differentials with the thresh 
old to generate a matrix in which the first-order differentials 
are binarized and then performs an OR operation on each row 
or column in this matrix. It also compares the second-order 
differentials with the threshold to generate a matrix in which 
the second-order differentials are binarized and then per 
forms an OR operation on each row or column in this matrix. 
The display device 1 further performs an OR operation on the 
OR result with respect to the first-order differentials and the 
OR result with respect to the second-order differentials and 
then determines whether to perform a Smoothing process on 
the basis of the operation result. Thus, the display device 1 can 
accurately determines whether to Smooth the target pixel in 
the specific area 100. 

The display device 1 also performs calculation of differen 
tials and OR operations with respect to the longitudinal and 
transverse directions of the specific area 100 and determines 
whether the noise boundary extends longitudinally or trans 
versely, on the basis of the OR results with respect to the 
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respective directions. The display device 1 also determines 
the position of the noise boundary in the specific area 100 on 
the basis of the 0/1 array pattern of the second-order differ 
ential matrix. Thus, the display device 1 can easily determine 
whether the noise boundary in the specific area 100 extends 
longitudinally or transversely (vertically or horizontally), as 
well as can easily determine the position of the noise bound 
ary in the specific area 100. 
The display device 1 also stores the multiple smoothing 

filters for eliminating or reducing noise, selects among the 
smoothing filters on the basis of the determined direction 
and/or position of the noise boundary, and Smoothes the value 
of the target pixel in the specific area 100 using the selected 
smoothing filter. Thus, the display device 1 can smooth the 
target pixel in a manner Suitable for the direction and position 
of the noise boundary in the specific area 100. 
The display device 1 also calculates the strengths of the 

edge components in the multiple directions in the specific 
area 100 using the multiple Sobel filters, as well as estimates 
the strengths of the edge components in the other directions 
on the basis of the calculated strengths. The display device 1 
then determines the extending direction of the edge compo 
nent in the specific area 100 on the basis of the calculated and 
estimated strengths of the edge components and performs a 
Smoothing process using an edge-preserving Smoothing filter 
corresponding to the determined direction. As seen above, the 
display device 1 can estimate the strengths of the edge com 
ponents in the directions with respect to which it cannot 
calculate the strengths using the stored Sobel filters and thus 
can determine the direction of the edge component with 
respect to more directions. Thus, the display device 1 can 
select an edge-preserving smoothing filter more suitable for 
the edge component in the specific area 100 and can accu 
rately perform Smoothing. 
More specifically, the display device 1 calculates the 

strengths of the edge components in at least four directions 
(0°, 45°, 90°, and 135°) using the Sobel filters and estimates 
the strengths of the edge components in the other directions 
(22.5°, 67.5°, 112.5°, and 157.5 on the basis of the calculated 
four strengths. In this case, the display device 1, which stores 
Formulas (21) to (24) for estimating the strength of the edge 
component by linear interpolation, can calculate estimated 
strengths in the other directions by substituting the four 
strengths calculated using the Sobel filters into these Formu 
las. 
The display device 1 may store four basic Sobel filters 

corresponding to 0°, 45°, 90°, and 135°, as well as four 
expanded Sobel filters corresponding to 22.5, 67.5°, 112.5°. 
and 157.5° and then calculate the strengths in the eight direc 
tions using the eight Sobel filters. The four expanded Sobel 
filters can be previously calculated using Formulas (1) to (4) 
or Formulas (5) to (8). Thus, the display device 1 can select an 
edge-preserving Smoothing filter more Suitable for the edge 
component in the specific area 100 to accurately perform 
Smoothing. 
The display device 1 also selects the highest and lowest of 

the calculated and estimated multiple edge strengths and then 
determines whether the difference therebetween exceeds the 
threshold. If the difference does not exceed the threshold, the 
display device 1 regards the specific area 100 as an approxi 
mately flat image including no edge component and Smoothes 
the specific area 100 using an isotropic Smoothing filter, 
which is not of edge-preserving type. As seen above, the 
display device 1 can properly smooth the image including no 
edge component. 
The display device 1 also calculates the strength of the edge 

component in the specific area 100 using the Laplacian filter 
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and then determines whether the calculated strength exceeds 
the threshold. If the calculated strength does not exceed the 
threshold, the display device 1 does not apply the result of the 
Smoothing process using the edge-preserving Smoothing fil 
ter. Thus, for example, if the input image includes a clear 
edge, pattern, or the like, degradation of the image quality due 
to a smoothing process can be prevented. 

The display device 1 also calculates the increase/reduction 
frequency, that is, the vibration frequency of the values of the 
adjacent pixels in the specific area 100 and then determines 
whether the calculated vibration frequency exceeds the 
threshold. If the calculated vibration frequency exceeds the 
threshold, the display device 1 does not apply the result of the 
Smoothing process using the edge-preserving Smoothing fil 
ter. Thus, for example, if the input image includes fine texture 
Such as pixel-based texture, degradation of the image quality 
due to a smoothing process, such as ambiguity of the texture, 
can be prevented. 
The display device 1 also calculates the amount of varia 

tion of the value of the target pixel between before and after 
the Smoothing process using the edge-preserving Smoothing 
filter and determines whether the calculated amount of varia 
tion exceeds the threshold. If the amount of variation exceeds 
the threshold, the display device 1 does not apply the result of 
the Smoothing process using the edge-preserving Smoothing 
filter. Thus, when whether the target pixel is texture or noise 
is difficult to determine, for example, when only the target 
pixel has a significantly different value from those of the other 
pixels in the specific area 100, the effect of the smoothing can 
be reduced. 

While, in the present embodiment, the display device 1 is 
configured to, when it determines that the target pixel in the 
specific area 100 is not to be smoothed, smooth the target 
pixel using an edge-preserving Smoothing filter, other con 
figurations may be used. For example, the display device 1 
may be configured not to Smooth the target pixel using an 
edge-preserving smoothing filter. While the display device 1 
is configured to extract a 5x5-pixel area as the specific area 
100, other configurations may be used. For example, it may 
extract an area having another size, such as 3x3 pixels or 7x7 
pixels, as the specific area 100. Further, the smoothing filters 
shown in FIGS. 10 and 11 are only illustrative. The edge 
preserving smoothing filters shown in FIGS. 12 and 13 are 
also only illustrative. The isotropic smoothing filter shown in 
FIG. 14 is also only illustrative. The Sobel filters shown in 
FIG. 15 and the Laplacian filters shown in FIG. 20 are also 
only illustrative. 

While the display device 1 is configured to calculate the 
strengths of the edge components in the directions of 0°, 45°, 
90°, and 135° using Sobel filters and to calculate or estimate 
the strengths of the edge components in the directions of 
22.5°, 67.5°, 112.5°, and 157.5°, these directions (angles) are 
only illustrative. The display device 1 may be configured to 
use the first method, which includes previously storing eight 
Sobel filters and calculating the strengths of the edge compo 
nents in the eight directions or may be configured to use the 
second method, which includes previously storing four Sobel 
filters and estimating the strengths of the edge components in 
the other four directions. The display device 1 may also be 
configured to use a combination of the first and second meth 
ods. As an example, the display device 1 may be configured to 
calculate the strengths of edge components in six directions 
using Sobel filters and to estimate the strengths of edge com 
ponents in the remaining two directions. As another example, 
the display device 1 may be configured to calculate the 
strengths of edge components in eight directions using Sobel 
filters corresponding to the eight directions and to estimate 
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the strengths of edge components in other eight directions, 
thereby obtaining the strengths of the edge components in the 
16 directions. 
While the display device 1 is configured to determine 

whether to apply the result of the Smoothing process using the 
edge-preserving Smoothing filter, on the basis of the three 
criteria: the edge amount determination, texture determina 
tion, and pixel value variation amount determination, other 
configurations may be used. For example, the display device 
1 may make the application determination on the basis of one 
or two of the three determinations or may make the applica 
tion determination on the basis of determinations other than 
the three determinations. 

While the display device 1 is configured to perform one of 
the two types of smoothing processes, that is, the first Smooth 
ing process using a smoothing filter and the second Smooth 
ing process using an edge-preserving Smoothing filter on the 
input image, other configurations may be used. For example, 
the display device 1 may be configured to perform the first 
Smoothing process and not to perform the second Smoothing 
process. For example, when the display device 1 determines 
in step S4 in the flowchart of FIG. 3 that smoothing is not to 
be performed, it may output the value of the target pixel in 
step S11. 
The display device 1 may also be configured to perform the 

noise boundary direction determination process (step S24) 
and noise boundary position determination process (step S29) 
on the specific area 100 extracted from the input image and to 
perform image processing other than Smoothing on the basis 
of the determined direction and position. 
The display device 1 may also be configured not to perform 

the first smoothing process and to perform the second 
Smoothing process. For example, after extracting the specific 
area 100 in step S2 of the flowchart in FIG. 3, the display 
device 1 may proceed to step S7 to perform a smoothing 
process using an edge-preserving Smoothing filter. The dis 
play device 1 may also be configured not to determine 
whether to apply the result of the Smoothing process using the 
edge-preserving Smoothing filter. For example, the display 
device 1 may always apply the result of the Smoothing pro 
cess using the edge-preserving Smoothing filter. 
The display device 1 may also be configured to perform the 

edge strength calculation process (step S52), edge strength 
estimation process (step S53), and the like on the specific area 
100 extracted from the input image, to perform the edge 
component direction determination process (step S56) on the 
basis of the results of these processes, and to perform image 
processing other than Smoothing on the basis of the deter 
mined direction. 

While the display device 1 has been described as an 
example of the device for eliminating or reducing noise in the 
input image in the present embodiment, a similar configura 
tion may be applied to any other various types of image 
processing devices. For example, a similar configuration may 
be applied to display devices for displaying images related to 
a television broadcast received by a tuner or the like rather 
than input images from a PC. A similar configuration may 
also be applied to image processing devices for printing input 
images. Such as printers and facsimiles. 
Modification 

Further, a configuration may be employed in which a PC 
performs decompression, the above noise elimination, and 
the like on an image and then inputs the noise-eliminated or 
reduced image to a display device. In this case, the above 
image processing may be performed when a computer pro 
gram having the above image processing functions is pro 
vided to the CPU of a PC and then the CPU executes the 
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computer program. The computer program may be recorded 
in a recording medium Such as disk or memory card and then 
provided via a network such as the Internet. 

FIG. 25 is a block diagram showing the configuration of a 
PC 155 of a modification. A PC 155 of the modification 5 
performs image processing Such as decompression and noise 
elimination or reduction on an input image compressed using 
a scheme such as JPEG or MPEG and then outputs the result 
ing image to a display device 151. The display device 151 
displays the input image from the PC 155 on a liquid crystal 10 
panel. The PC 155 includes a CPU 156, an operation unit 157, 
a primary storage unit 158, a secondary storage unit 159, a 
recording medium insertion unit 160, a communication unit 
161, and an image output unit 162. 
When the CPU 156 reads and executes an image process- 15 

ing program 181 stored in the secondary storage unit 159, the 
above image decompression unit 17, image processing unit 
20, and the like are implemented as software function blocks. 
The operation unit 157 is an input unit such as a keyboard or 
mouse. It receives a user operation and notifies the CPU 156 20 
of the user operation. The primary storage unit 158 includes a 
memory device such as static random access memory 
(SRAM) and temporarily stores various types of data used in 
processing performed by the CPU 156. The secondary stor 
age unit 159 includes a storage unit Such as a hard disk and 25 
stores various types of computer programs, such as the image 
processing program 181, and various types of data required to 
execute these computer programs. The recording medium 
insertion unit 160 is a unit such as a disk drive or memory card 
slot. A recording medium 180 such as a digital versatile disk 30 
(DVD) or memory card is inserted into the recording medium 
insertion unit 160 so that the computer program, data, and the 
like stored in the recording medium are read. The communi 
cation unit 161 communicates with other devices via a net 
work such as the Internet wirelessly or by wire. The image 35 
output unit 162 outputs the image processed by the CPU 156 
to the display device 151. 

In the example shown in FIG. 25, the image processing 
program 181 is recorded in the recording medium 180 and 
then provided. When the recording medium 180 is inserted 40 
into the recording medium insertion unit 160, the CPU 156 of 
the PC 155 reads the image processing program 181 and the 
like stored in the recording medium 180 and stores them in the 
secondary storage unit 159. The CPU 156 acts as the image 
decompression unit 17, image processing unit 20, and like 45 
when executing the read image processing program 181. For 
example, when the operation unit 157 receives an instruction 
to display an image compressed using a scheme Such as JPEG 
or MPEG, the CPU 156 reads that image, for example, from 
the secondary storage unit 159 and decompresses the image 50 
as the image decompression unit 17. 
The CPU 156 then eliminates or reduces noise in the 

decompressed image as the image processing unit 20. Spe 
cifically, the image processing unit 20 extracts a specific area 
100 including the target pixel from the decompressed image 55 
and determines whether to smooth the target pixel in the 
extracted specific area 100. If so determined, the image pro 
cessing unit 20 Smoothes the target pixel using a smoothing 
filter. If not so determined, the image processing unit 20 
Smoothes the target pixel using an edge-preserving Smooth- 60 
ing filter, as well as determines whether to apply the result of 
Such smoothing. The image processing unit 20 repeats this 
processes with respect to all the pixels in the image to gener 
ate an image by replacing the value of each pixel with one of 
a pixel value Smoothed using a smoothing filter, a pixel value 65 
Smoothed using an edge-preserving Smoothing filter, and the 
original pixel value and then outputs this image. Thus, the 
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image processing unit 20 can generate an output image in 
which stepwise noise Such as block noise is eliminated or 
reduced. 

DESCRIPTION OF NUMERALS 

1 display device (image processing unit) 
5 PC 
11 control unit 
12 operation unit 
13 liquid crystal panel 
14 backlight 
15 light drive unit 
16 image input unit 
17 image decompression unit 
18 panel drive unit 
20 image processing unit (specific area extraction means, 

Smoothing determination means, noise boundary posi 
tion determination means, noise boundary direction 
determination means, specific area expansion means, 
first-order differential binarization means, first OR 
operation means, second-order differential binarization 
means, second OR operation means, third OR operation 
means, Smoothing filter storage means, filter selection 
means, Smoothing means, first Smoothing means, sec 
ond Smoothing means, application determination 
means, Sobel filter storage means, edge strength calcu 
lation means, edge strength estimation means, edge 
direction determination means, edge-preserving 
Smoothing filter storage means, edge strength difference 
determination means, second edge strength calculation 
means, edge strength determination means, increase? 
decrease frequency calculation means, increasef de 
crease frequency determination means, Smoothing dif 
ference calculation means, Smoothing difference 
determination means) 

21 specific region extraction unit (specific area extraction 
means) 

22 Smoothing determination unit (Smoothing determina 
tion means) 

23 first Smoothing unit (Smoothing means, first Smoothing 
means) 

24 second Smoothing unit (second Smoothing means) 
25 application determination unit (application determina 

tion means) 
26 pixel value selection unit 
100 specific area 
101 horizontal first-order differential matrix 
102 horizontal first-order differential OR column 
103 horizontal second-order differential matrix 
103a binarized horizontal second-order differential matrix 
104 horizontal second-order differential OR column 
105 horizontal OR column 
106 horizontal upper OR value 
107 horizontal lower OR value 
108 horizontal determination result 
111 vertical first-order differential matrix 
112 vertical first-order differential OR row 
113 vertical second-order differential matrix 
114 vertical second-order differential OR row 
115 vertical OR row 
116 vertical upper OR value 
117 vertical lower OR value 
118 vertical determination result 
151 display device 
155 PC (image processing device) 
156 CPU 
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157 operation unit 
158 primary storage unit 
159 secondary storage unit 
160 recording medium insertion unit 
161 communication unit 
162 image output unit 
180 recording medium 
181 image processing program (computer program) 
The invention claimed is: 
1. An image processing device for eliminating or reducing 

noise from an input image comprising a plurality of pixels 
arranged in a matrix to generate an output image, the image 
processing device comprising: 

specific area extraction means configured to extract a spe 
cific area comprising a target pixel from the input image: 

Smoothing determination means configured to determine 
whether to perform a first Smoothing process on the 
target pixel, on the basis of the specific area extracted by 
the specific area extraction means; 

first Smoothing means configured to, if the Smoothing 
determination means determines that the first Smoothing 
process is to be performed on the target pixel, perform 
the first Smoothing process using a smoothing filter to 
Smooth a value of the target pixel; and 

second Smoothing means configured to, if the Smoothing 
determination means determines that the first Smoothing 
process is not to be performed on the target pixel, per 
form a second Smoothing process using an edge-pre 
serving Smoothing filter to Smooth the value of the target 
pixel, 

wherein the image processing device generates an output 
image by replacing a value of each pixel in the input 
image with either a pixel value smoothed by the first 
Smoothing means or a pixel value Smoothed by the sec 
ond Smoothing means. 

2. The image processing device of claim 1, further com 
prising: 

noise boundary direction determination means configured 
to, if the Smoothing determination means determines 
that the first smoothing process is to be performed on the 
target pixel, determine an extending direction of a 
boundary of noise in the specific area; and 

noise boundary position determination means configured 
to, if the Smoothing determination means determines 
that the first smoothing process is to be performed on the 
target pixel, determine a position of the noise boundary 
in the specific area. 

3. The image processing device of claim 2, further com 
prising specific area expansion means configured to, if the 
direction determined by the noise boundary direction deter 
mination means is not a predetermined direction, expand the 
specific area, wherein 

the noise boundary direction determination means re-de 
termines the direction in the specific area expanded by 
the specific area expansion means. 

4. The image processing device of claim3, wherein expan 
sion of the specific area by the specific area expansion means 
and determination of the direction by the noise boundary 
direction determination means are repeated until the direction 
determined by the noise boundary direction determination 
means becomes the predetermined direction or until a size of 
the specific area becomes a predetermined size. 

5. The image processing device of claim 2, further com 
prising: 

Smoothing filter storage means configured to store a plu 
rality of smoothing filters used by the first smoothing 
means; and 
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filter selection means configured to select a smoothing 

filter from the smoothing filters stored in the smoothing 
filter storage means on the basis of the position deter 
mined by the noise boundary position determination 
means and the direction determined by the noise bound 
ary direction determination means, 

wherein the first Smoothing means Smoothes the value of 
the target pixel using the Smoothing filter selected by the 
filter selection means. 

6. The image processing device of claim 1, further com 
prising differential calculation means configured to calculate 
differentials between values of pixels in an image of the 
specific area extracted by the specific area extraction means, 

wherein the Smoothing determination means determines 
whether to perform the Smoothing process on the target 
pixel, on the basis of the differentials calculated by the 
differential calculation means. 

7. An image processing device comprising: 
specific area extraction means configured to extract a spe 

cific area comprising a target pixel from an input image 
comprising a plurality of pixels arranged in a matrix: 
differential calculation means configured to calculate 
differentials between values of pixels in an image of the 
specific area extracted by the specific area extraction 
means; noise boundary direction determination means 
configured to determine an extending direction of a 
boundary of noise in the specific area on the basis of the 
differentials calculated by the differential calculation 
means; and 

noise boundary position determination means configured 
to determine a position of the noise boundary in the 
specific area on the basis of the differentials calculated 
by the differential calculation means. 

8. An image processing method for eliminating or reducing 
noise from an input image comprising a plurality of pixels 
arranged in a matrix to generate an output image, the method 
comprising: 

a specific area extraction step of extracting a specific area 
comprising a target pixel from the input image: 

a smoothing determination step of determining whether to 
perform a first Smoothing process on the target pixel, on 
the basis of the specific area extracted in specific area 
extraction step; 

a first Smoothing step of, if it is determined in the Smooth 
ing determination step that the first Smoothing process is 
to be performed on the target pixel, performing the first 
Smoothing process using a smoothing filter to Smooth a 
value of the target pixel; 

a second Smoothing step of, if it is determined in the 
Smoothing determination step that the first Smoothing 
process is not to be performed on the target pixel, per 
forming a second Smoothing process using an edge 
preserving Smoothing filter to Smooth the value of the 
target pixel; and 

a generation step of generating an output image by replac 
ing a value of each pixel in the input image with either a 
pixel value Smoothed in the first Smoothing step or a 
pixel value Smoothed in the second Smoothing step. 

9. The image processing method of claim 8, further com 
prising: 

a noise boundary direction determination step of, if it is 
determined in the Smoothing determination step that the 
first Smoothing process is to be performed on the target 
pixel, determining an extending direction of a boundary 
of noise in the specific area; and 

a noise boundary position determination step of, if it is 
determined in the Smoothing determination step that the 
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first smoothing process is to be performed on the target 
pixel, determining a position of the noise boundary in 
the specific area. 

10. The image processing method of claim 9, further com 

46 
the first smoothing step comprises smoothing the value of 

the target pixel using the Smoothing filter selected in the 
filter selection step. 

13. The image processing method of claim 8, further com 
prising a specific area expansion step of, if the direction 5 prising a differential calculation step of calculating differen 
determined in the noise boundary direction determination 
step is not the predetermined direction, expanding the specific 
area, 

wherein the noise boundary direction determination step 
comprises re-determining the direction in the specific 
area expanded in the specific area expansion step. 

11. The image processing method of claim 10, wherein 
expansion of the specific area in the specific area expansion 
step and determination of the direction in the noise boundary 
direction determination step are repeated until the direction 
determined in the noise boundary direction determination 
step becomes the predetermined direction or until a size of the 
specific area extraction becomes a predetermined size in the 
specific area expansion step. 

12. The image processing method of claim 9, wherein a 
plurality of smoothing filters used in the first smoothing step 
are previously stored, the method further comprising a filter 
selection step of selecting a smoothing filter from the stored 
smoothing filters on the basis of the position determined in the 
noise boundary position determination step and the direction 
determined in the noise boundary direction determination 
step, wherein 
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tials between values of pixels in an image of the specific area 
extracted in the specific area extraction step, 

wherein the smoothing determination step comprises 
determining whether to perform the smoothing process 
on the target pixel, on the basis of the differentials cal 
culated in the differential calculation step. 

14. An image processing method comprising: 
a specific area extraction step of extracting a specific area 

comprising a target pixel from an input image compris 
ing a plurality of pixels arranged in a matrix: 

a differential calculation step of calculating differentials 
between values of pixels in an image of the specific area 
extracted in the specific area extraction step; 

a noise boundary direction determination step of determin 
ing an extending direction of a boundary of noise in the 
specific area on the basis of the differentials calculated in 
the differential calculation step; and 

a noise boundary position determination step of determin 
ing a position of the noise boundary in the specific area 
on the basis of the differentials calculated in the differ 
ential calculation step. 


